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PROGRAM SUMMARY

MAJOR CONCLUSIONS

RESULTS OF EVALUATIONS OF SUBSYSTEMS
RESULTS OF INTEGRATED SYSTEMS EVALUATIONS
COMPONENT EVALUATIONS RESULTS

TECHNOLOGY EVALUATIONS SUMMARY



SHUTTLE ORBITER CRYOGENIC SUPPLY SYSTEMS

7

e LIFE SUPPORT SUPPLY SYSTEM
(INCLUDING ENVIRONMENTAL CONTROL ASPECTS)

e POWER GENERATION

- FUEL CELL SUPPLY SYSTEM
— AUXILIARY POWER UNIT SUPPLY SYSTEM

e PROPELLANT SUPPLY

— ORBIT INJECTION PROPULSION (ASCENT)

— ORBIT MANEUVER PROPULSION

— ATTITUDE CONTROL PROPULSION

— AIRBREATHING PROPULSION (INERTING ONLY)
— PURGING, INERTING, AND PNEUMATIC



PROGRAM OBIJECTIVE

OBJECTIVE:

TO PROVIDE SUFFICIENT INFORMATION AND RECOMMENDATIONS
TO ALLOW NASA TO SELECT SPACE SHUTTLE CRYOGENIC SUPPLY
SYSTEMS |

MAJOR OUTPUTS:

€SS

EVALUATIONS OF CONCEPTS

SUFFICIENT INFORMATION TO ALLOW SELECTION OF REPRESENTATIVE
DESIGNS :

DOCUMENTATION AND DATA BANKS OF CRYOGENIC SUPPLY SYSTEM
RELATED DATA AND INFORMATION

DEVELOPNENT OF AN INTEGRATED MATH MODEL FOR SUPPORT OF
EARDWARS PROGRAMS (COMPUTER PROSRAMS WITH RTFERENTE
DESIGN PARAMETRIC DATA)

PARAVETRIC DATA AND' SENSITIVITY STUDIES
EVALUATION OF RELATED TECHROLOGY STATUS
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TASK 4

SYSTEM INTEGRATION
AND MISSION
APPLICATION
ANALYSIS

6 INTERFACE

© SAFETY AND
MISSION
COMPLETION

TASK 1
CONCEPT EVALUATIONS
© REQUIREMENTS AND CRITERIA

———&=® SUBSYSTEM EVALUATION

@ INTEGRATED SYS EVALUATIONS

TASK 2

L o1 CRITICAL COMPONENT ANALYSIS

@ COMPONENT CAPABILITY

G EXAMINATION

@ REDUNDANT COMPONENT
MODE ANALYSIS

@ FAILURE MODE AND EFFECTS
AND CRITICALITY ANAL YSIS

TASK 3

ANALYTICAL
CHARACTERIZATION

©® SUBSYSTEM AND
INTEGRATED
SYSTEM
CHARACTERIZATION

@ INTEGRATED MATH
MODEL

® DATA GENERATION

W

e

TASK 5 — DOCUMENTATION OF WBS TASK

TASK 6 —~ REPORTS AND REVIEWS




greurEg PROGRAM SCHEDULE

1970 1971 1972 |
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NO. TASK NAME ®)

Nz

1 | CONCEPT EVALUATIONS L ] H
1A | CRYOGENIC COOLING N 0 U O O L
2 | CRITICAL COMPONENT ANALYSIS [ s

3 | ANALYTICAL CHARACTERIZATION_ | - |

4 SYSTEMS INTEGRATION & MISSION
APPLICATION ANALYSIS

6 | REPORTS & REVIEWS )
INTERIM REPORT ] &

FINAL REPORT : %\7

—
— T .43

Ciim

5 | DOCUMENTATION OF was Tasks___| N/ 7 87 N7 N7 N7/ \VAYAVATAYAVAVAVAY, XTJ?% g
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OVERALL APPROACH TO CONCEPT EVALUATIONS
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COMPONENT
COMPONENT \ ’ o COMPONENT
] EVALUATIONS | ] S P C DATA
e
CANDIDATE
SUBSYSTEMS |9 q
SUBSYSTEM
REUSABILITY
o] e =% L oramoer
RELIABILITY EVALUATION
) —xd  ANALYSIS [
CRITERIA
e = o T e |
REQUIREMENTS of EVALUATIONS
SUNSYSTEM SUIRS PSTFM SURSYSTEM
gzd SENSITIVITY P18 TRADLOFF €= ~ DATA
STUDIES STUDIES DISPLAYS
INSTRUMENTATION]
== AND
CONTROL
[
INTEGRATED INTEGRATED
CANDIDATE —E> INTEGRATED UPDATED
INTEGRATED SYSTEMS SYSTEM INTEGRATED & mantofr ] SHaeM
SYSTEMS  [|——gnf EVALUATION bt EVALUATIONS SYSTEMS STUDIES D?SAPI:YS
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MAJOR STUDY CONCLUSIONS
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OPTIMIUM INTEGRATED SYSTEMS TEND TOWARDS MAXIMIZING LIQUID STORAGE
VACUUM JACKETING OF TANKS IS A MAJOR EFFECT ON INTEGRATED SYSTEMS

SUBCRITICAL STORAGE ADVANTAGES OVER SUPERCRITICAL STORAGE
DECREASES AS THE QUANTITY OF PROPELLANT OR REACTANT DECREASES

SHUTTLE DUTY CYCLES ARE NOT SEVERE
OPERATIONAL MODE HAS A SIGNIFICANT EFFECT ON RELIABILITY
COMPONENTS ARE AVAILABLE FOR MOST SUBSYSTEM APPLICATIONS

SUBSYSTEMS AND COMPONENTS REQUIRE A MINIMUM AMOUNT OF
TECHNOLOGY DEVELOPMENT



ROCHERGED

APPLICABILITY TO CURRENT SHUTTLE CONCEPTS

D04925

CRYOGENIC RELATED SUBSYSTEMS FOR CURRENT SHUTTLE CONCEPT:

ORBIT INJECTION SUPPLY

FUEL CELL SUPPLY

LIFE SUPPORT SUPPLY

PURGING, INERTING, AND PNEUMATIC SUPPLY
CRYOGENIC COOLING (IF I|MPLEMENTED)

CRYOGENIC HELIUM PRESSURIZATION SUPPLY FOR STORABLES
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ORBIT MANEUVERING

PROPELLANT SUPPLY



APPROACH TO ORBIT MANEUVERING PROPELLANT

LOLEMEED

SUPPLY EVALUATIONS (NONINTEGRATED)

lIm
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PRESSURIZATION B PARAMETRIC
—&2] ANALYSES ————— &> DATA
THERMAL B
@ PROTECTION
CRITERIA THERMAL SENSITIVITY
AND £ PROTECTION
REQUIREMENTS ANALYSES o4
FEEDLINE FEEDLINE M
‘ et 512iNG OMPs
CHILLDOWN
INITIAL G AND e SENSITIVITY = TRADEOFF
;?,’;'{,Q'E‘D ANALYSES STUDIES
CONTIGHRATIONS
PROPILLAMNT
1 AcquisTION [
INSTRUMENTATION
CANDIDATE 's'émmncs gl SCHEMATICS AND CONTROL
SUBSYSTEMS (FUNCTIONAL) UPDATED EVALUATIONS
SCHEMATICS | ]|
UPDATED
SAFETY
COMPONENT REUSABILITY EVALUATIONS i
EVALUATIONS |—&3] AND RELIABILITY
{(LOCKHEED) EVALUATIONS
COMPONENT I
EVALUATIONS
(AIRESEARCH)

/



ORBIT MANEUVERING SUPPLY LO2 FEED/FILL
MCDONNELL-DOUGLAS ORBITER
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ORBIT MANEUVERING SUPPLY LH2 FEED/FILL
MCDONNELL-DOUGLAS ORBITER

DO2615
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ORBIT MANEUVERING SUPPLY LO2 FEED/FILL

D02629
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NORTH AMERICAN ROCKWELL ORBITER
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ORBIT MANEUVERING SUPPLY LHo FEED/FILL

D02630
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'NORTH AMERICAN ROCKWELL ORBITER



OMPS FEED SYSTEM CONFIGURATION

avanalea
Y BNV N

ENGINE PUMPS LOCATED SEPARATE CASCADE

WITH PUMPS . AT TANK TANKS TANKS
D02959(1)
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ORBIT MANEUVERING PROPULSION SUPPLY
GH@ PRESSURHZATBON - DUAL TANKS

PUMP AT ENGINE - (ONE PROPELLANT LOSS)

TO COMMON VENT SYSTEM (TYF)

wol w= 14,1 LB/SEC
. AN CFO! DIAM - SEE TABLE 3-2
-t .l e, TO COMMON
RvO2 > A FILL SYSTEM (TYP)
5 A
HXOS

(rs0D) [/ Ko
RVO4 ’/ > <
<

5QO02

Gw 28,2 LB/SEC
DIAM - SEE TABLE 3-2

P = 4000 PSIA
T = 37°R

'
l . .
0 = 0.25"| SVO!

QDO3
SQOl
@ FVOI}
. 4 sQlt
P =~ 4000 PSIA  SvO4 @
T = 185%
D =05 _Wl
>

Y03 |
b da 4
TO COMMON
FILL SYSTEM (TYF)
LH,  1xol EVOI
~ .@ we 2,8 LB/SEC
- DIAM - SEE TABLE 2-2

@= 5.618/SEC
DIAM - SEE TABLE 3-2

VVVVVVVVY

DO3750
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ORBIT MANEUVERING PROPULSION SUPPLY
GHe PRESSURIZATION — DUAL TANKS

PUMP AT ENGINE (5 AND 12 PROPELLANT LOSSES)

TO COMMON
FILL SYSTEM (TYP)

w= 20,2 L8/SEC

DIAM - SEE TABLE 3-2
QDO4
Q04
FVO4
T
P = 4000 PSIA / ENGINE
T = 165°R 4
D = 0.25" svotX pe DO
D30
: —de e L e —
QDO3
: N ENGINE
. . svO7
SQSm 4 18T
‘__ - swosT T-T L2}
\ s DIDI-(I2Q06 &= 5.8 LB/SEC
Pea0m A 0,8 .4 m“ DIAM - SEE TABLE 3-2

R TGS
B = 0.5 _mo-‘ (B

SvO8

9 4 & x‘ - | S DAD3 e $QO8
SVO3 | . LH DDA 0

[ s ipE (<] ‘ w(?-a-f ’
QO3 D3 3a0
cro2 L Logpie &

| : &

Q- ¥ svi3 sals
v \ & s b-C

! % R / g

> \L{55D) TO COMMON
< , . FILL SYSTEM (TY7)
S~ 1= 7%

8003 'wo2
RVOs3 P - SEE TABLE 3-2

D03782
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ORBIT MANEUVERING PROPULSION SUPPLY

GO09/GH, PRESSURIZATION - SINGLE TANKS

PUMP AT ENGINE

T=35°R, P= 700PSIA, 0.75IN. DIAM
RVOL TO COMMON
abo! < % 8pol VENT SYSTEM (TYP) & = 28.2 LA/SEC
o P - SEE TABLE 32 DIAM - SEE TABLE 3-2
RVO4 XVVOI | 7= 165°R SQO4
Fvol \,
BDO4 X \ FVO4 CvO2
\ AeSFol SVO7
4 SVOl sQlO : SQO7
PsOD) / ENGINE
y \
Go. b3 I, ! .
: S - FED 0
T« 52 , 7, 4 T4 svo8
’
P- 400 VOl 5QI0 5o, s Vo7 ! Q0.
z P
0.25 IN, DIAM Fio T :

[
e

wX X
9% X %
56 Q

T=520°R
P= 4000
PSIA | 0,25 IN. DIAM

P - SEE TAGLE 3-2

T=37R TO COMMON

FILL SYSTEM (TYP}

\.

&« 5,6 LB/SEC
DIAM - SEE TABLE 3-2

D03783
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T=35°R, Po700PSIA, 1.GOIN.DIAM




FEEDLINE SCHEMATIC - PUMPS AT THE TANKS

Lo, LH,

2N, DIA

NOTE: OPTIMUM LINE DIAMETER SAME FOR DUMP CASES | THROUGH 12

RO3722
{im

K0



DETAILED ANALYSES



OMPS PRESSURIZATION ANALYSES SUMMARY

¢  VARIABLES:

~  HELIUM AND PROPELLANT GASES
—  INLET TEMPERATURES -~
—  EXPULSION PRESSURES

~  VENT PRESSURES

—  INSULATION THICKNESS

—  TANK GEOMETRY

—  DUTY CYCLES

o  PREPRESSURIZATION:
~  MASS AND ENERGY BALANCES
e PRESSURIZATION:

-  MASS AND ENERGY BALANCE
~  HEAT TRANSFER BETWEEN ULLAGE AND TANK WALLS
D04924 ~  HEAT ENTERING TARK EXAMINED FOR BOTH STORAGE AND BOILOFF

ala



150 |

P / /

130 ] /

20 /— 10,-D-1.0"

110 | 7 100
. 100 o~ LH, Aft-D-1.0"
- [~ 10,D-2.0"
5 /.~ LH,Fwd-D=1.5"
-
s 10 74// / /4
2 60 / /
£ 50 | // //
5 y/ & -
a. )

zg 3.0°

0

0 1.0 2.0 3.0

Inlet Orifice Diameter, Inches
DO3410
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RESULTS OF FEEDLINE CHILLDOWN COMPUTATIONS

Feed Mean Line lrgﬂﬁl;tlet Chilidown Chilldown Estimated Maxm

System Diameter Diameters Time Propellant Surge Pressure
Configuration (in.) T in) (sec) {Ib) (psia)
LH2 Forward 1.50 None 5.1 5.1 75.0
LH2 Forward 1.50 0.50/0.50 22.7 14.6 30.5
LH2 Aft 3.00 None 2.8 26.2 75.0
LH2 Aft 3.00 1.00/1.00 12.5 22.0 30.5
LH2 Aft 1.00 None 4.2 3.9 75.0
LH2 Aft 1.00 0.25/0.25 ~70 3.8 28.5
[0, 27112 None 5.0 32.0 50.0
0, 2.71'2 0.25/0.25 31.3 28.0 2.0
LO2 .00 None 6.1 8.2 150.0
LO2 1.00 0.125/0.125 ~300 7.9 30.0
Notes: (1) Inlet Pressure = 25 psia

(2) Upstream Line Diameter = 2.00 in.
DO3k33

lim
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e TYPICAL ACQUIS ITION DEVICE FOR ENGINE RESTART

« 0.2D = fe—0.1XD
REORIENTATION BAFFLE \ |
GAS ARRESTOR
..... v :
0.8 x 10720 1 @‘
) ] _ Joleni 0.3XD
11
" :
RETENTION SCREENS

A%




SENSITIVITY STUDIES

245



OMPS PROPELLANT STORAGE SYSTEM COMPARISON
(168-HOUR MISSION)

D02979
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SYSTEM WEIGHT (LB)

29,700
29,600

29,500

29,400

DGM/S-N
DAM/S-N

't::"‘.‘..". o -
= NRC-2

DUAL H
AND

2

02 TANKS

BASED ON LH2 OPTIMUM INSULATION
OF 2 IN. SUPERFLOC IF SINGLE TANK
AND 2-1/4 IN. IF DUAL TANK

S

DGM/S-N
DAM/S-N

SINGLE H2

AND
DUAL O
TANKS

2

| SINGLE H,

AND

O 2 TANKS

O

2

1.0 1.5 2.0 2.5
TANK INSULATION THICKNESS (IN.)

3.0
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LOCHEEE

SENSITIVITIES OF LINE SI1ZE, START TRANSIENT, AND LINE RECOVERY

zﬁgﬁss (1

WEIGHT PENALTY (LB)

700

600

400

300

200

~ L0y IN AFT TANKS (PUMP-AT-ENGINE)

| ]
PROPELLANT LOST AFTER THRUST = 15,000 LB
EACH ENGINE OPERATION Igp = 444 SEC
ﬁ(s OPERATIONS)
\-——nﬂ’
RL-10 PROPELLANT LOST
Tmmlgm\ ) ONLY °N°|E
o
.\ : o
A\ WEIGHT PENALTY
A | @ TANK
@ LINE’ |
e LOST PROPELLANT
@ "o HEEIUM PRESSURANT
NEW _ L .~ | e cn,mEsiDusL
TRANSIENT S | e HELIUM STORAGE
l
0 1 2 3 4 5

LINE DIAMETER (IN.)

T —— e it
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SENSITIVITIES OF LINE S1ZE AND PROPELLANT RECOVERY
~LO7 IN AFT TANKS (PUMP -AT-TANK)

D02960(1)
fim

WEIGHT PENALTY (LB)

600

500

400

300 &

200 |

100

RL-10 OR NEW TRANSIENT

!

THRUST = 15,000 LB

ISP = 444 SEC

T ]
12 DUMPS 5 DUMPS

1 DUMP

1L PROPELLANT LOST

ONLY ONCE

LINE DIAMETER (IN.)

2



SENSITIVITIES OF LINE SIZE, START TRANSIENT, AND LINE RECOVERY
=--I_H2 IN AFT TANKS (PUMP-AT-ENGINE)

SINGLE LINE (CONSTANT DIAMETER)

900
| I
_THRUST = 15,000 LB
Nop, = 444 SEC
Sp
800 T
' . PROPELLANT
RL-10 LOST AFTER

g TRANSIENT EACH ENGINE
<) OPERATION (5)

700
~ 7
= 12 DUMPS e
Z NEW
B TRANSIENT
e . \~\ 5 DUMPS
g e \\ 22 1 DUMP
E o oo Wppne

500

PROPELLANT LOST
ONLY ONCE
400
0 1 2 3 4 5 6
LINE DIAMETER (IN.)
D026L9(1)
Hm
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SENSITIVITIES COMPA’RISONS - H2 IN AFT TANK
(PUMP-AT- TANK)

) :700' ;’- .

15 000 LB,ISP -'444 SEC, O/F = 5.0
DUAL LINES (CONSTANT DIAMETER) / 12 DUMPS

.’I

. RN P
: SR e
P e :
N L, L
. . [ 3N
oot e PN . . .
. A SOt
e et Lt v, DL L
R A t
te ot f M b [ . ‘ 4. X
R e . : . . . |
» e DY N " N - s . L N N
. . . s > . . . . . . : . .
N I , ».,,4w0
. -e . . L. 4 . N s g - ., Y
. P . .oal, Lo . . Lo . -
. B PR . - . . B . AR . .
. T . . E . .
° e . R oo . . s N T . - :
. » A ¥, . A . N . > . '
s ; N P . . : ' : .
. e N LI B Lo L R 5 DUMPS
' A ) LN B . co | o . y LN
f .o - . L. . .
. B : . v . L.
. ' . ° 9T - - - - Lo
. < - .
)
+ . .
'

CWEIGHT (BT T

. \ | / 1 DUMP
N ST 500 — 7 /

o
. d. :.“
N

3 4 5

L . LINE DlAMETER IN
Dou68o
11m



‘. START TANK CONFIGURATION
L ASSUMED OPERATIONAL SEQUENCE ~ LH, TANK :
e TO RUN PRESSURE =
" vr | | [~ OPEN INTERCONNECT
START TANK || VALV ‘
56 PRESSURE — He - )
“r 'I \ ASSUMPTIONS
L g5 | \' 3-IN. FEEDLINE |
SRS RL-10 ENGINE |
SR | \ He SPRING
IR I 1141 | VAPOR PRESSURE = 16 PSIA
. | START TRANSIENT |
. . | PRESSURE AT | \
= 53 | START TANK: \
ST L MINIMUM |
L5 STEADY-STATE \ | \
8ot PRESSURE AT \
- \ T
e | START \
2 [chioownt ' PROPELLAN REFILL \
¥ ng | . 100 SEC SETTLING
Zor TR starr PUoe ams sec \
38 TRANSFER ~ \
RS | 2-3 SEC \
S Ul " | .STEADY-STATE BURN
A a” CTIME 2 10 SEC \\
L l ENGINE H, BLEED MAIN TANK
MAIN TANK ———»{% PRESSURE
DR PRESSURIZATION COLLAPSE
S 16 L=

Do29sl
Hm

TIME (SEC) — NO SCALE
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OMPS SYSTEM CHARACTERISTICS

DO3713
Him

OPTIMRM
NOMBER FEEDLINE
CASE TANK PRMP OF DIAMETER (IN.) | ULLAGE PRESSURE (PSIA)
NO. CONFIGURATION | LOCATION | PRESSURANT | DUMPS 0o H, 0, H,
GO2 1 3 31/2 | 36.8 23.4
1 SINGLE ENGINE AND 5 21/2| 31/4 | 45.2 23.8
GH2 12 2 3 57.6 24,2
GOp 1 1 1 20.0 18.0
2 SINGLE TANK AND 5 1 1 20.0 18.0
GH, 12 1 1 20.0 18.0
1 3 '31/2 | 36.8 23.4
3 SINGLE ENGINE GHe 5 21/2 | 31/4 | 47.2 23.8
12 2 3 57.6 24.2
1 1 1 20.0 18.0 -
4 SINGLE TANK GHe 5 1 1 20.0 18.0
12 1 1 20.0 18.0
1 2/3 3/3 34.4 23.5
5 DUAL ENGINE GHe 5 2/3 3/3 34.4 23.5
12 2/3 3/3 34.4 23.5
NOTE: FOR THE DUAL TANK CASE, FEEDLINE DIAMETERS SIGNIFY: TANK OUTLET TO COMMON POINT/

CG4MDE POINT TO ENGINE INLET.

———— e

32



LBCNEED

T

" OMPS WEIGHT COMPARISON

(ALL COMPARISONS BASED ON lgp = 444, O/F = 5.0)

N PROPELLANT FEEDLINE DUMPS
o 5

SYSTEM NON- T NON- NON-

WEIGHT | VACUUM | VACUUM | VACUUM | VACUUM | VACUUM | VACUUM

(LB) JACKETED | JACKETED | JACKETED | JACKETED | JACKETED | JACKETED
GO,/ GH, - SINGLE TANK DRY 3,49 2,57 3,423 2,689 3,676 2,915
PUMP AT ENGINE WET 32,357 3l, 716 32,825 32,152 33,542 32, 87
GO,/ GH, — SINGLE TANK DRY 2,855 | 1,93 2,679 1.945 2,856 2,095
"PUMP AT ENGINE IDLE

MODE START WET 3,763 3, 122 31,936 31,408 32,722 32,051

GO,/ GH, - SINGLE TANK DRY 2,828 2, M6 2,83 2,138 2,834 2, U5
PUMP AT TANK WET 31,550 30,90 31,545 30,894 31,684 31,035
GHo - SINGLE TANK DRY 2,657 1,96} 2,715 2,021 2,802 2,2
PUMP AT ENGINE WET 31,500 30,947 31,707 31, 150 32,079 31,507
GHe ~ SINGLE TANK DRY 2,407 1,665 2,403 1,653 2,408 1,655
PUMP AT TANK WET 31,082 30,410 31,070 30, 40| 3, 2 9,538
GHe — DUAL TANKS DRY 3,097 2,267 3,280 2,332 3,307 2,357
PUMP AT ENGCHNE WET 31,989 | 31,269 32,355 3, 556 32,955 32, 2
CASCADE TANK DRY - - 3,273 2,604 - 2,67

WET - - 32,532 31,922 - 32,292

D03714(1) '

Hm .

33



" ageamees - CONCLUSIONS REGARDING ORBIT MANEUVERING PROPELLANT SUPPLY

i $NONINTEGRATED)

| @ PUMP-AT-TANK LOWER WEIGHT SYSTEM

® HELIUM PRESSURIZATION RESULTS IN LOWER PRESSURIZATION WEIGHTS
® GO2/ GH, PRESSURIZATION:

SENSITIVITY TO DUTY CYCLE

USED ONLY WITH ORIENTED PROPELLANT

PROPELLANT ACQUISITION THERMAL PROBLEMS MORE SERIOUS

® VACUUM-JACKETED TANKS AND LINES HEAVIER, BUT PROTECT
REUSABLE INSULATION SYSTEMS

e e e

® FEEDLINE SIZING AND PROPELLANT CONSERVATION IMPORTANT
SENSITIVITIES

@ USE OF CASCADE TANKS RESULTS IN WEIGHT PENALTY AS COMPARED
TO DUAL TANKS

© START TANK NOT APPLICABLE TO NONINTEGRATED OMPS

- Hm
D04801
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D03752

Hm

ORBIT INJECTION PROPULSION
SUPPLY

35



APPROACH TO ORBIT INJECTION PROPELLANT SUPPLY
3 EVALUATIONS (NONINTEGRATED)

ﬁ{:‘g‘“'* we INSULATION
REQUIREMENTS EVALUATIONS
PREPRESSURIZATION
‘ f W ;
AL - ANALYSES i
ANK AND :
FEEDLINE
PRESSURIZATION
ONFIGURATIO ANALYSES 1
‘ e MODULATED
INITIAL ’
CANDIDATE '
SCHEMATICS e CONSTANT FLOWRATE
SUBSYSTEMS (FUNCTIONAL) h
e SELF-PRESSURIZATION :
OF 10, SAFETY '
T
o COMMON VENT AND - EVALUATION
PRESSURIZATION LINE * ’
oIps
SCHEMATIC SUBSYSTEM
UPDATE —8= EVALUATION o
OIPS FEEDLINE | SUMMARY - '_
TEMPERATURE CONTROL
&4 o INSULATION T
COMPONENT o CIRCULATED FLOW
¢ EVALUATIONS
(LOCKHEED) e NATURAL CONVECTION
Lgnd EVALUATIONS LOSSES
AIRESEARCH)
g REENTRY EFFECTS

D04904

Ilm . | 35¢



LO

2

TANKAGE AND FEEDLINE ARRANGEMENT
(NA-R HCR ORBITER)

36



LH

2

TANKAGE AND FEEDLINE ARRANGEMENT
(NA-R HCR ORBITER)

37



LO2 TANKAGE‘AND FEEDLINE ARRANGEMENT

D02958
Hm

( MACDONNELL-DOUGLAS HCR ORBITER)

3¢



LHo TANKAGE AND FEEDLINE ARRANGEMENT
(MACDONNELL-DOUGLAS HCR ORBITER)

D02969

Im

._va .
=,
. < e
2
. Dret? 47
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COMMON VENT AND PRESSURIZATION LINES

e



| ‘
|
| |
| I
| l.
| -
GROUND VENT CONTROL
[ :ASCENT (2160K FOR H.)) VENT CONTROL
'PREPRESSUREI | WHEN ENGINE IS NGT RUNNING
CONTROL! | AND WHEN ENGINE IS RUNNING

____-_;_E_

ENGINE INTERFACE : |

D04455(1)
11m
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SEPARATE PRESSURIZATION AND VENT LINES

_____ @ P GROUND VENT CONTROL
ASCENT ( 160K for H,)
@ VENT CONTROL WHEN ENGINE
| NOT RUNNING

VENT) WHEN
ENGINES ARE

|
l
I
|
I
~2 'N-\ | RUNNING ‘/l/_"“N-

- _
I N
| I
|
{ |
|
$ PREPRESSURE EPPRESS.
CONTROL CONTROL (ASCENT
|
|
|
|
|
|
|
|

ENGINE
INTERFACE

D04454(1)
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STEADY-STATE BOILOFF RATES

7
6 UNINSULATED 0, TANK N, BLANKET AT 80°F T /’
_ 2
g Oh, =2.92 BTU/HR FT? OR /
Wy
& . Ah =90 BTU/LB
g v /
w
P4
3 4 g
o) .
e _ /
vy
v .
3 3 //
et
Q
5‘ MAX FAST
9 2 — FILL RATE
o~ (3350 GPM)
1 //
0
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LOCKMEED VENT LINE PRESSURE LOSSES
< 2.0
3
= 1.8
> VAPOR AT SAT. TEMP.
$e o, -
B | ———" .
o 1.4 \ -
o' \ MAX FAST FILL RATES
(-4
o) \ . 8.0/
9 5, \ LO,: 3350 GAL/MIN (1.9x10” LB/HR) |
2 \\ LHy: 11,970 GAL/MIN (.415¢10° LB/HR)
u L]
a 1.0 \ MO, GAS = 1.958 LB/SEC .
w ‘ \ . | '
> 8 \\ \__| MH, GAS =2.36 LB/SEC i
-
& | N\ ' PRESS. DROP  (FILL RATE)?
> .6 ‘ N\ B
NN
L\
4 CIN N
. <[
\ N S~ .
.2 \\\ o =PI =16 PSIA
~ —Pi = 25 PSIA
\§~\_~_ Pi=16PSiAL
0 , Pi = 25 PSIA.
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- ' VENT LINE DIAMETER (IN)
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OXYGEN

INLET PRESSURE
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PRESSURIZATION APPROACHES
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SENSITIVITY OF ORBIT INJECTION SUPPLY GOo RESIDUALS TO
PRESSURANT |INLET AND TEMPERATURE AND
INSULATION CONDUCTIVITY

/20 | | |
INSULATION THICKNESS (IN.)
at ] PRESSUR
' . ESSURE
1,100 %II.O 50 PSIA

<l <
~ 800
23
2 INSULATION THICKNESS (IN.)
o 1.00
Q |
< 0.50
> 'Y
> 600 [
<
2 0
2
o 500

400 VENT
PRESSURE
25 PSIA
300 |
200 300 400 500 600 700 800 900

PRESSURANT GAS INLET TEMPERATURE (°R)
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SENSITIVITY OF ORBIT INJECTION SUPPLY GH

RESIDUALS TO PRESSURANT INLET AND
TEMPERATURE AND INSULATION CONDUCTIVITY

2

“E 300
=] 1,25 | VENT
=~ @ .°<' | PRESSURE
2 40 PSIA
s
oz
o)
(a0
N
~ 200 INSULATION
< THICKNESS (IN )_x
Q
% 1 25
i A
00300 400 300 600 700 800 900

PRESSURANT GAS INLET TEMPERATURE (°R)
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COMPARISON OF OIPS PRESSURIZATION METHODS

(OXYGEN TANK RESIDUALS PER TANK)

RESIDUAL GAS WEIGHT (LB)

480

420

D03812 ()

Hm

PRESSURANT TEMPERATURE = 700°R

/

" PRESSURIZED WITH

VENT - 25 PSIA

CONSTANT FLOWRATE —

N

| PRESSURIZED WITH
INTERMITTENT FLOW
/ VENT — 25 PSIA

0,25

INSULATION T

0.5 0.75

HIGKNESS (WN.)

1.0

50



OIPS OXYGEN TANK VENTED WEIGHT PER TANK
WITH CONSTANT FLOWRATE PRESSURIZATION

Do3807

Hm

VENTED OXYGEN (L8B)

0.25 0.350 0.75 1.00
INSULATION THICKNESS (IN.)
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COMPARISON OF OIPS PRESSURIZATION METHODS
(HYDROGEN TANK RESIDUALS PER TANK)

280
: PRESSURIZED WITH
> INTERMITTENT FLOW
2 40 PSIA VENT
=
o
i 260
2
W)
<
O
» 250
Q __— PRESSURIZED
s - . WITH CONSTANT
- 240 FLOWRATE
40 PSIA VENT.
230 -
0025 0.5 0.75 l.o |.25 los l.75 2.0 2'25
, INSULATION THICKNESS (IN.)
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LRIMMEED
——=Eey

R,

SELF-PRESSURIZED LIQUID-OXYGEN ORBIT INJECTION TANK

DO3711 ,
Hm

ULLAGE PRESSURE (PSIA)
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40

32

28

6

NQ INSULATION

ENGINE START
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-

N

0
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200 300

400

500  &00
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700
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SELF-PRESSURIZED LIQUID-OXYGEN ORBIT INJECTION TANK

ULLAGE PRESSURE (PSIA)

o 'INSULATION — | INCH
|
ENGINE START
’ j""/ A
LIFTOFF \\
I6 \
i5
4
0 100 200 300 400 300 00

TIME FROM GROUND YENT CLOSURE (SEQ)
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T

LOX ASCENT TANK DRAINED LIQUID TEMPERATURE

(SELF-PRESSURI ZED)
166.5

N

165.5 /

165.0
\__‘/

3
(=4

TEMPERATURE (°R)

164.5
350 450 550 650

TIME FROM GROUND VENT CLOSURE (SEQ)
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SELF-PRESSURIZED LIQUID-OXYGEN ORBIT INJECTION TANK
VAPOR RESIDUALS VS INSULATION THICKNESS

B 450 ,
3 . /
s |
Q
ﬁ 400
of
o
mﬁ 0,25 0.50 0.75 .0

INSULATION THICKINESS (IN.)
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ONBOARD PREPRESSURIZATION

D02981 (1)
lim

TOTAL STORAGE WEIGHT (L8}

ORBIT INJECTION PROPULSION SYSTEM — LH, TANKS

2

400 T
AMBIENT STORAGE
TITANIUM TANKS
HYDROGEN
350 1.3 EEE?
HELIUM 1 10.8
?\ - 10.7 STORED GAS
'\’\ WEIGHT (LB)
25.1
24.6 * ’
300 24.1 23.8 STORED GAS ]
WEIGHT (LB)
250
i&
0 -
1000 2000 3000 4000 5000

STORAGE PRESSURE (PSIA)
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ONBOARD PREPRESSURIZATION

ORBIT INJECTION PROPULSION SYSTEM - L02 TANKS
20,0 1
AMBIENT STORAGE

OXYGEN |
18.0 (ALUMINUM TANKS) ————,4—
{ 6.3
?5-8 5.’83
16.0 STORED GAS WEIGHT (LB)

< <

5.9

HELIUM
(TITANIUM TANKS)

0.7 \;\\4\

TOTAL STORAGE WEIGHT (LB)
o

10.0

0.73 ‘ J
0.71
9.0 ' 0.7
y STORED GAS WEIGHT (Lp) ?
oL ' :
0 1000 2000 3000 4000 5000

STORAGE PRESSURE {PSIA)
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FEEDLINE TEMPERATURE CONTROL
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OIPS FEEDLINE CIRCULATION EFFECTS MDAC- - LH2
SYSTEM (L = 76 FT) |

Hm

TOTAL TEMPERATURE RISE ~©OR

| I
14" FEED LINE

=

' 1.0" FOAM

0.|5" OR 1.0" NRC-2

1 2 3 4 5 6 7 8 9
CIRCULATION FLOW RATE PER ENGINE/LINE LOOP ~ LB/SEC

10

&0



i

OIPS FEEDLINE CIRCULATION EFFECTS NAR - E'HZ
SYSTEM (L = 31 FT) )

TOTAL TEMPERATURE RISE ~ R

D03760

I I
F—\\ 14" FEED LINE

_—0.5" FOAM
1.0" FOAM

0.5" OR 1.0" NRC-2

|

1 2 3 4 5 6 7 8
CIRCULATION FLOW RATE PER ENGINE/LINE LOOP ~ LB/SEC

10
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REQUIRED PUMP SHAFT HORSEPOWER FOR
CiRCULATION LHp TANKS

DO3758
Hm

PUMP SHAFT BPOWER (HP)

10

CIRCULATION LINE SIZE: 2 IN. DIA

PUMP EFFICIENCY: 7%
ENGINE RECIRCULATION )
VALVE AREA: 1.5,

NAR CONFIG
(L - 62 FT)

|

SN

MDAC CONHAG
(L-2FT)

M

2 3 4 5 6 7 8
CIRCULATION FLOW RATE PER ENGINE/LINE LOOP (LB/SEC)
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REQUIRED PUMP SHAFT HORSEPOWER FOR
CIRCULATION LO, TANKS

DO3757
- Hm

PUMP SHAFT POWER ~ HP

40

10

CIRCULATION LINE SIZE: 2" DIA.
PUMP EFFICIENCY: 72%

ENGINE RECIRCULATION VALVE AREA: 0.75 IN?

ecenenp

10 15 20 25 0 35
CIRCULATION FLOW RATE PER ENGINE/LINE LOOP ~ LB/SEC

40

45 50
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_'““‘“E‘l‘# LIQUID TEMPERATURE PROFILES LO2 FEEDLINE

0.5 IN.

FOAM INSULATION

PUMP HEAT INPUT - 10 BTU/SEC
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K
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LIQUID TEMPERATURE PROFILES LH

——

1-IN.

FOAM INSULATIGN

FEEDLINES -

90.

70

DISTANCE FROM ENGINE (FT.).

10

D04475
1lm
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PUMP HEAD INPUT - 3 BTU/SEC

+— TANK
OUTLET

TIMES ARE DURATION
FROM LIFTOFF

0 SEC

TURBO
i PUMPS

A

144 SEC 216 SEC
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38 9
TEMPERATURE (°R)

40
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.

CONCLUSIONS REGARDING ORBIT INJECTION PROPELLANT SUPPLY

D04803

® CONTINUOUS BLEED PRESSURIZATION COMPARABLE TO

" INTERMITTENT PRESSURIZATION

® COMMON VENT AND PRESSURIZATION LINES SATISFACTORY

® ON-BOARD PREPRESSURIZATION IS LOW PENALTY (HELIUM OR HYDRO GEN)

® PRESSURIZATION NOT SENSITIVE TO INSULATION THICKNESS

@ FEEDLINE TEMPERATURE CONTROL BY CIRCULATION MORE EFFECTIVE

THAN BY INSULATION
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ATTITUDE CONTROL
PROPELLANT SUPPLY
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m.umsa:_

APPROACH TO ATTITUDE CONTROL PROPELLANT
SUPPLY EVALUATIONS

(NONINTEGRATED)

llm

D04905

COMPARISON
OF ACPS

SUBSYSTEMS

[}

CRITERIA INITIAL SUPERCRITICAL
AND TANK AND ATy 1IONS TANKAGE
REQUIREMENT FEEDLINE EVALUATIO OPTIMIZATION GAS/GAS
CONFIGURATIONS SUPERCRITICAL
SUBSYSTEM
1 EVALUATIONS
SUPERCRITICAL
THRUSTER
' OPTIMIZATION
233#& CANDIDATE INITIAL UPDATED GAS/ GAS
TECHNOLOGY sussysTems [ 2O oNay [ ] scHematics ™1 susérimicat
CONTRACTS ' SUBSYSTEM
3 TURBOPUMP EVALUATIONS
CHILLDOWN
AND COOLING
GAS/GAS
SUBCRITICAL
SUBSYSTEM WITH
:‘t%’ﬁ}sﬁ?w,‘ ELECTRICAL MOTORDRIVEN!
AT PUMPS ANALYSES
COMPONENT REUSABILITY
EVALUATIONS |—amd AND RELIABILITY
(LOCKHEED) ANALYSES |
COMPONENT
VAT N DATA SHEETS j ;ﬁg\%;ﬁwo
(AIRESEARCH) EVALUATIONS
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- SUBCRITICAL

ATTITUDE CONTROL PROPELLANT SUPPLY
SYSTEM

‘1lm

P = 4000 PSIA

T=165° R

TO COMMON
- VENT SYSTEM

D04913

TO COMMON
VENT SYSTEM

COMMON FILL SYSTEM
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| | 'ATTITUDE CONTROL PROPULS ION SUPPLY
=y ..~ SUPERCRITICAL STORAGE
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wgme "~ LIQUID FEED ACPS SCHEMATIC

CIRCULATION
FAN :

vy

RELIEF VALVE '
LQUID LIN
500 L8/IN.2 INES -~
PUMP 1 J
\ He TRANSFER
BELLOWS ) ,
CONTRACTED—T Y 2 TUBE
[ A xy
- e - \—neuows
STORAGE TANK ' FULLY EXPANDED

(P = 500 LB/IN.2)

ONE PROPELLANT SYSTEM SHOWN
OTHER PROPELLANT SYSTEM SIMILAR

DO3431
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————

N EFFECT OF CHAMBER PRESSURE
— ON SUPERCRITICAL ACPS WEIGHT
10,400 i I T
o INCLUDES WEIGHT OF THRUSTERS,
=} DELIVERED PROPELLANTS, CONDITIONING
= 10,200 PROPELLANTS, STORAGE TANKS,
S ACCUMULATORS, AND RESIDUALS
= 30 - 1850 LB THRUSTERS
Z 10,000
o
Z
wr
o \
Z 9,800
>
-
vy
&
v 9,600 —
Z-
3 \
o \
(-
g o \ _/
y
9'20050 150 250 350
ENGINE CHAMBER PRESSURE (PSIA)
DO3740
lim - R S
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J— ACPS LHyp PROPELLANT - OPTIMIZATION
“‘E!f' OF SUPERCRITICAL STORAGE PRESSURE

5,000

350°R

= /
= 4,500
X
s
O
y4
[
I
O 4,000
§ \ o
3,500 | A
o 500 600 700 800

STORAGE TANK PRESSURE.(PSIA)
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— ACPS LO, PROPELLANTS - OPTIMIZATION
q* OF SUPERCRITICAL STORAGE PRESSURE
6,000
o ootk
S 5,500 I
5 — 50k
=
5,000 L—4,
0 700 800 900 1,000 1,100

STORAGE TANK PRESSURE (PSIA)
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g

COMPARISON OF TURBOPUMPS AND PUMPS WITH ELECTRIC MOTORS

D03003
Hm

THREE INSTALLED SETS® FOUR INSTALLED SETS**
USING USING
. USING SEPARATE APU USING SEPARATE APU
TURBOPUMP CONLEPT(S)- ONEQARD! TURBINE/ GENERATOR ONBOARD! TURBINE/ GENERATOR
COMPONENT WwT| COMPONENT wT WT wT WT
Hy TURBOPUMP (3)  75[H, PUMPS 69.0 69.0 64.0 64.0
(& = 3.80-LB/SEC AT (3.80 LB/SEC AT
1043-PSIA OP EACH) 1043-PSI AP EACH)
O, TURBOPUMP (3) 124{0, PUMPS 10.0 10.0 9.0 9.0
(& = 14.81 LB/SEC AT (14.81 LB/SEC AT
940-PSIA AP EACH) 940-PSI AP EACH)
H, AND O, FOR  125/595|H, PUMP MOTORS 5460 546.0 364.0 364.0
COOLING AND HEATING O, PUMP MOTORS 119.0 119.0 75.0 75.0
GENERATOR WEIGHT
H, AND O, FOR 85 | o) 774.0 774.0 516.0 516.0
DRIVING TURBINES DELETE GENERATOR -60.0 0 -60 0
(500-SEC DURATION) ON APU
SEPARATE TURBINES/ 0 168.0 0 214.0
COMBUSTORS/CONTROLS
H, AN TO DR '
2 AND Op TODRIVE } o 119.0 119,0 119.0
APU TURBINES (500 SEC)
TOTAL 409/880 1577.0 1805.0 1087.0 1361.0

*1 OUT OF 3 MUST OPERATE (EACH SET SIZED FOR FULL FLOW)
*+2 OUT OF 4 MUST OPERATE (EACH SET SIZED FOR HALF FLOW)
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LOCKHEED

STARTING CURRENT REQUIREMENTS

300
2 250
< MOTOR - BRUSHLESS DC
PUMP  — CENTRIFUGAL
{ SPEED — 25,000 RPM
-
Z 200
ot
%
[ ®
o
Z
= 150
<
[y
w
\
00
199 0.5 1.0 1.5 2.0 2.5

STARTING TIME (SEC)

DO4693
1im

3.0
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CAP. LL,,ﬁ,-.-'.‘,iABt ITY MAFP
A(WHE (FOR SMUTTLE CRYOGENIC SUBSYSTEM REQUIREMENTS)

hal S oot

10.0 '
\\ ——\b-l AL e ACPS .
6.0 | R - A
' ACPS ——éx\ | RANGE OF DATE TNCLUDES A
4 0 \ \ ORB'TER REQTS. SAFETY FACTOR OF 2
| J

STABILIZED HEAD (go-IN)
oun ~N
N 00 O o
>
&
l
{, /
S 1;
/| -
/ y
[ o)

4
. ‘ \
s

40 ZOOJd IC{) SQUARE MESH

.2 Y PLAIN DUTCH
50x250 30xl50 24xHO ‘
| R WEAVE |
325x2300 165 x 1400 80x700 30x250 TWILLED DUTCH
.1 - e WEAVE

| 2 4 6 810 2 4 6 8
PORE DIAMETER (IN. x 1074)
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CANDIDATE

DESIGN CONCEPTS

OUTER SCREEN SUPPORT LINER

/| AND OUTER CAPILLIARY SCREEN

\ INNER SCREEN SUPPORT LINER

AND INNER CAPILLIARY SCREEN

SCREEN LINER CONGCEPT

A

MANIFOLD
- . —
PICKUPS

P R

S,
e ey s s St s, i e 0NN
N

MANIFOLD PICKUP CONCEPT -

ACPS, APU, ETC. :REENTRY

ﬂ'”— oMs
5 ULLAGE ORSIT COMPART- |cOMPART
KOMP ARTMENT COMPARTMENT | pent MENT

COMPARTMENTED CONCEPT

VENT—»¥ ZaHs PRESSURIZATION
i < .

PICKUPS

 BULKHEAD

TRAP

DO321¢1)

lm

GAS ARRESTER J
COMMUN ICATION PORT

COMPOSITE CONCEPT
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TYPICAL INLET PORT DETAIL

PORT COVER,
ALUMINUM

L1

—— e " —— — —] — — —— — . - - o

N E L E N T

ALUMINUM
—CAPILLARY

50 x 250 PLAIN

DUTCH WEAVE

ol e s e o e G e s On o ——————

PORT H‘OUSING, ALUMINUM

D03766
Iim

SPACER
26 x 26
SQUARE MESH
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Y MAXIMUM GAS IN MULTIPLE SCREEN DEVICES

TYPICAL CONDITIONS

MESH

= 24 x 110
L 30 x 150

— —> 50 x 250
3

(@]

—

>

' 200 x 400

g LH, AP = 0,04 PSIA
A LO, AP = 0,24 PSIA
% LH, w = 2.5 LB/SEC

L0, w = 2.5 LB/SEC
I

VOLUME/INLET (IN.3)

D03801
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= PROPELLANT ACQUISITION DEVICE CONFIGURATION

3
sl w , DIAMETER = 10 FT
DIAMETER = 12 FT

DOLT716

Ilm
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LOCAKHEED

.'%‘9’}— REQUIRED HEAD DIFFERENTIAL CAPABILITY VS. GALLERY LINE DIAMETER
3.0 T T Y T T
RL-I0 START TRANSIENT: %02 = 190 LB/SEC?
'rﬁHz = 32.4 LB/SEC?
2.5
‘_qz: ' Lyax = DISTANCE BETWEEN THE FURTHER MOST HEADS
> \
= 2.0
o AN |
I \(—'Ozw(TANK DIA =I0 FT, Ly, 5y =23.56 FT, 3/4ARC)
1.5 \\
% \
s
= 1.0 \
= Q(TANK DIA=12FT., Lyay = 27.25FT, 3/4 ARC) \
0.5 \
0 _ L
6 7 8 9 10 T 12 13 14 15 16
GALLERY LINE DIAMETER (IN.)
DOLT15
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tocsneen LIQUID/LIQUID ACPS THERMODYNAMIC CYCLE
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COMPARISON OF LIQUID/LIQUID AND GAS/GAS ATTITUDE CONTROL
PROPELLANT SUPPLY

(esuees

TYPEOE | TYPEOF | TYPEOF | NO. OF égﬁ}%ﬁgﬂkﬂ‘{vg MAX Ho | DRY WEIGHT | TOTAL SYSTEM
STORAGE | FEED | PUMPDRIVE | GENS. o TEMP (°R) (LB) WEIGHT (LB)
SUBCRIT GAS TURBINE - - - 3,009 11,198
SUPERCRIT | GAS _ _ _ _ 5,713 14,053
SUBCRIT LIQUID | TURBINE - 20 54 3,580 11,718
SUBCRIT LIQUID | TURBINE - 20 72 5,199 12,991
SUBCRIT LIQUID | TURBINE _ 100 54 2,847 10,985
SUBCRIT LIQUID | TURBINE _ 100 72 3,121 10,913
SUBCRIT LIQUID | MOTOR 3 20 54 4,245 1,776
SUBCRIT LIQUID | MOTOR 3 20 72 5, 864 13,049
SUBCRIT LIQUID | MOTOR 3 100 54 3,512 11,043
SUBCRIT LIQUID | MOTOR 3 100 72 3,786 10,971
SUBCRIT LIQUID | MOTOR 4 20 54 4,077 11,608
SUBCRIT LIQUID | MOTOR 4 20 72 5,696 12,881
SUBCRIT LIQUID | MOTOR 4 100 54 3,344 10,875
SUBCRIT LIQUID | MOTOR 4 100 72 3,618 10,803
D04878

gl



LOCKHEED

W

CONCLUSIONS REGARDING ATTITUDE CONTROL
PROPULSION SUPPLY

Hm

D04886

SUBCRITICAL STORAGE RESULTS IN. SUBSTANTIALLY LOWER
DRY WEIGHTS THAN SUPERCRITICAL STORAGE

LIQUID/LIQUID ACPS CAN HAVE COMPARABLE WEIGHTS TO
GAS/GAS ACPS, DEPENDING UPON BELLOWS CONTRACTION
RATIOS

ELECTRICAL MOTOR-DRIVEN PUMPS ARE APPLICABLE TO
THE ACPS SUBSYSTEM

PROPELLANT ACQUISITION FOR THE ACPS IS A MAJOR
TECHNOLOGICAL PROBLEM

PEY



AUXILIARY POWER UNIT SUPPLY SYSTEMS
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APPROACH TO AUXILIARY POWER UNIT SUPPLY

LRUURER EVALUATIONS (NONINTEGRATED)
B |
TeTmm———— - Eaataitd i o AiIIEA SEATTILS ¢ 4 enSWGRE. T RME
SPECIFIC REACTANT
CONSUMPTION
VS O/F RATIO
CRITERIA AND INLET PRESSURE

AND
REQUIREMENTS | |

INITIAL
TANK AND
FEEDLINE zoz&mnom
F
CONFIGURATIONS SUPERCRITICAL
) TANKAGE
OPTIMIZATION SUBCRITICAL
= SUBSYSTEM

OPTIMIZATION

AUXILIARY - ®-1 COMPARISON

POWER UNIT CANDIDATE INITIAL UPDATED

scHemaTics | o
IECHNOLOGY [T SUBSYSTEMS 71 (rincrionian SCHEMATICS

OF
—p] SUBSYSTEMS

SUPERCRITICAL

1Y nn

REUSABILITY

COMPONENT

EVALUATIONS j—————84 AND RELIABILITY
(LOCKHEED) ANALYSES
COMPONENT COMPONENT
EVALUATIONS DATA SHEETS
{AIRESEARCH) AND

PARAMETRIC DATA

SUBSYSTEM

1 OPTIMIZATION




LU GG SUBCRITICAL APU SUPPLY

- ALTERNATE 1
)} CONDITIONING |
L SYIEM_ _

; TXE
GHe)- )

I |
]
|
|
l
‘ |
SINGLE ApU's |
CCUMULAT | {
=430R 4}
o
2,

5; ; ~ALTERNATE |
- CONDITIONING

Do3hé?

t £



ING SYSTIMJ

b——_—— —

ION-

NOIY

ALTEIRNATE

QO

f

p——
EM

!;;;

NDITION-

TERNATE

ING SYST

[ .

'SUPERCRITICAL APU SUPPLY

AAA

e

-

DO3467



TYPICAL REENTRY ACCELERATION (g) (HIGH CROSSRANGE)

DO3705
Him

ACCELERATION LOADING (g)

+ 1.5

+.0

NORMAL g LOADING

ek

AXIAL g LOADING —/ 1

0 2 4 6 8 10 12 14

TIME FROM 400,000 FEET (l00 SEC)
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SUMMARY OF AUXILIARY POWER UNIT

3 SUBCRITICAL SUPPLY SYSTEM
MIXTURE RATIO 0.5 MIXTURE RATIO 0.9
3-450 HP 2-850 HP 3-&OHP  2-850 HP
TANKAGE: H, 110 13 106 13
0, 12 12 16 16
H, TO APU 332 342 314 332
H, TO CONDITIONING AND
PUMPING 51 53 53 56
H, RESIDUALS AND VENTED a1 5 8 44
0, T0 APU 166 n 22 298
0, TO CONDITIONING AND
PUMPING 51 53 53 56
0, RESIDUALS AND VENTED 3 4 3 5
COMPONENTS 669 669 650 650
ACCUMULATORS B i) © 42
He TANKS _4 _4 _ ¢ _ 4
TOTAL (LBS.) 1,462 1,497 1,56 1,626

DO3443
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SUMMARY OF AUXILIARY POWER UNIT

SN - SUPERCRITICAL SUPPLY SYSTEM

MIXTURE RATIO 0.5 MIXTURE RATIO 0.9
3-850 HP 2-850HP  3-S0HP  2-850HP

Tankage: H2 an 508 700 738
0 . 31 3 54 57
H, TO APU 8 ar2 3 348
H, TO CONDITIONING 21 2 58 61
H, RESIDUALS AND VENTED 98 105 4] n
0, T0 APU 27 26 204 313
0, TO CONDITIONING il 2 58 61
0, RESIDUALS AND VENTED 1 12 19 2
COMPONENTS 784 784 765 765
ACCUMULATORS ] _5 _a _4
TOTAL (LBS.) 2,145 2,553 2,34 2,484



D . EICE

COMPARISON OF AUXILIARY POVIE

R UNIT SUPPLY SUBSYSTEWS

o T SR BT L2 L

s

R = L VI

SUBCRITICAL SUPPLY SYSTEM SUPERCRITICAL SUPPLY SYSTEM
MIXTURE RATIO (0.5) MIXTURE RATIO (0.9) MIXTURE RATIO (0.5) MIXTURE RATIO (0.9)
3-450 HP | 2-850 HP | 3-450 HP | 2-850 HP 3-450 HP | 2-850 HP 3-450 HP | 2-850 HP
SYSTEM ' .
DRY WEIGHT - 818 ] 818 825 1,331 1,370 1,562 1,605
(L8) ‘
SYSTEM
'WET WEIGHT 1,462 1,497 1,565 1,626 2,145 2,253 2,390 2,484
(L8)
D04876
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CONCLUSIONS REGARDING AUXILIARY
POWER UNIT SUPPLY

fim

D04887

SUBCRITICAL STORAGE RESULTS IN THE LOWEST
WEIGHT SUBSYSTEMS

EFFECTS OF OF RATIO ARE SMALL
OPTIMUM TURBINE INLET PRESSURES:
— SUBCRITICAL AT HIGHER PRESSURES ( 900 PSIA)

— SUPERCRITICAL DEPENDENT UPON MIXTURE RATIO:
O/F 0.5 NEAR 300 PSIA
OF 0.9 NEAR 600 PSIA

APU REACTANT ACQUISITION IMPOSES MAJOR PROBLEM
ON ACQUISITION DEVICES

" APU SUPPLY PUMP SHOULD OPERATE CONTINUOUSLY WHEN

APU IS OPERATING



FUEL CELL SUPPLY SYSTEMS

72



SUPERCRITICAL FUEL CELL SUPPLY SYSTEM

re————— 1
LOA DING | ALTERNATE |
%oy | sueeLy | COOLANT Pume
QD02 30 PSIA [ I, - O
350 PSIA %R '
FVO1
o
| TK2 N SVOl SQO5 REACTANT
——— » PRE-HEATER
CPO} " 1] SQot . . .
- 2L Svo1 TS0l 3-=WAY
INSULATED (OR w " VALVE
5.2 LB/HR VACUUM JACKETED) 5 ol (TYP)
375_PSIA Ha TANK / | 1 D*
40° -200°R
. | v ] >3] S
VAPOR HEATER HXO4 2% <
95500 LB/HR _ > 3
lm’I -500°R ‘ ) > 1S
COMPRESSOR ' —m o
~ | g - TO
VENT VAL o SIACERAFT
1.1 TO 9.5 L&/HR - COOLANT FUEL CELL
SQ04 LOOP COOLANT LOOP
ooy — _—
VALY 160° -500°R | ALTERNATE | T FUEL ceus |
VALVE | sueply | '
"~ VACUUM JACKETED)  ——=—=77

D03k 34 O, TANK



w | SUBCRITICAL FUEL CELL SUPPLY SYSTEM

QD-02
Paicn rowy o [
700 o/he | sueey 1
R ELECTRIC
HIGH-PRESSURE MOTOR
PATH (LOW FLOW) COOLANT |
L e e e e e e ———
PRESSURE TANK (TYP)
VAPOR SHIELD (TYP)
VACUUM JACKET I
(YRAF— ===~
l— ALTERNATE | 4 ruet ceus |
V02 | suepLy | ‘_ L
QD-04 —_——
QD-03 o 94




“(“‘iﬁ COMPARISON OF FUEL CELL SUPPLY - SYSTEM APPROACHES

| SUPERCRITICAL SUBCRITICAL
e | MIN-SUPPLY PRESSURE | », 00 200 0 S
(psia)
TANKAGE: 0, 180 169 7! 50 60
H, 1i5 13 14 79 9%
COMPONENTS 199 199 199 3| 3|
REACTANTS: 0, 1520 1450 1450 1520 1450
H, 184 175 175 184 175
RES | DUALS: 0, 352 18.85  39.1 19 36
H, 0.43 2.2 4.4 2 4
TOTAL 2202 2121 2153 265 2126

po3u2k



CONCLUSIONS REGARDING FUEL CELL
L‘.‘% SUPPLY SUBSYSTEMS

o SUPERCRITICAL AND SUBCRITICAL SUPPLY SYSTEMS ARE APPROXI-
MATELY THE SAME WEIGHT.

o THERE ARE NO ADVANTAGES TO A LOW-PRESSURE CELL SUPPLY.

o FUEL CELL SUPPLY SYSTEMS HAVE RELATIVELY HIGH COMPONENT
REPLACEMENTS BECAUSE OF THE EXTENDED DUTY CYCLES.

o FUEL CELL PURGING TO REMOVE HELIUM (WHICH HAS ENTERED
THROUGH BEING DISSOLVED IN LO2 OR LH2) IS NOT A
SIGNIFICANT PENALTY.

Him

D04885
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LIFE SUPPORT SUPPLY



LOTKIEED
—=yl T

«-.-,»‘)'

& st per oLy

LIFE SUPPORT CRYOGENIC SUPPLY

SYSTEM - SUPERCRITICAL

W = 12.318/DAY

¢ 4 > TO CABIN
. - : p = M.7PSIA
g PRO! —— -4 PROI = -4 PROI e 1O H,0 TANKS
L
$Vo! SV01 ¢7 SV03 SV0I1%7 $V03 ? ¢ e
o, (MAN) cvoz (MAN) A (MAN) (MANZ\ (MAN) cvo2 v V07
T = 520% V02 voz »-§><)—¢ le_] FMO2 r
P = 45-35PSIA AR . \ sQ03
$V02 L){xj——-@ )\ : AAA
(MAN) TCRBIN INTERFACE [_ :l CY02 svos " {-—-4 PROI ror— SVos
cvol — ot < :
l & PRO4
FMO! FMO} & 1z svor |- C
r— = v |z
L-g{ Jro2 L PRO2 5 FM02 r T
cvo2 ) —] $Q03
S
cwi1 B--—Jalcws bh---4alcws svoé Emos SV0s
. ° =39 Q
' /DAY (TYP) o °
E£HO3 £HO3 E£HOI
]
= Gl
SQ04 Q04 SQO4
* = 8.4 #O4 INTERFACE QDo4
L8/DAY (TYP ¢ -
WDAY (rvm) Lp = 900-1000 PSIA .
T = S10°R
P = 55-65 PSIA Fvez

FVO1

QDO

QD02



) LIFE SUPPORT CRYOGENIC SUPPLY
Gl SYSTEM - SUBCRITICAL

o = 12,3 LA/DAY

P=W.7 FSIA = 10 CABIN
l 1O HyO TANKS
POt (D) | r- 3 E CUA“
4 | L HX02
v ] 5Q03 V07
cvo2 V09
P9 [iﬂ l TS o VoV
Tsvos 4 [V
(MAN) CVOZ" 5v08 w! gyoy = -4{% PRO3 ' Q06 SV
s iy St S | — ——— o—— < '
1 §| cuo4 I
= 7
I A Z' SVWX E]:—'L HX02 J
v Z | I Q03 SVO7
l Et]' C)l m ]
cuo3 oo P |
5Q08 $V0s
A l S '
| & | |
v Vo7 $Q03 V07
| Co VWA
cuol HXOl
Gemp X0 Hxol l svo8 I T.= SR PROI i 5Q06 V0
| CONTROU) P=55-65PSIA i
Q65 $Q04 m&*‘ o l L=l = -
| sQod SQO05 SQO4 5Q0 SQO5 CABIN INTERFACE J CU02 (TEMP |
| CONTROL) I
| ) Svos  Svo4 V05 SVO04 SV05 ' I
1 QD02 I
| I
— QDo |
1 |
- J
7101 Fvol o
S~ 75-150 PSIA Qoos
-297 TO -240°F 75-150 F31A
EHO! 31910 -2:30F
. . th32
CUG5 (FRESSURE CONTROL) ' CUGS (FRESSURE COTTROL)

1Im
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— LlFE SUPPORT SUBSYSTEN\ CON\PARISON

SUPERCRITICAL

SUBCRITICAL

ITEM SUBSY STEM (LB) SUBSY STEM (LB)
O, SUPPLY
e COMPONENTS 61.6 81.2
o LINES 7.3 7.3
o STORAGE TANK 8.4 3.4
_ VACUUM SHELL PLUS INSULATION 3.6 3.6
N., SUPPLY
o COMPONENTS 85.5 110.4
o LINES 7.3 7.3
o STORAGE TANK 10.8 4.8
_ VACUUM SHELL PLUS INSULATION 4.3 5.2
CONDITIONING
o TANK WEIGHT PENALTY 1.8 1.8
(FUEL CELL SYSTEM)
TOTAL DRY WEIGHT 190.6 LB 225.0 LB
FLUIDS
o USABLE o2 50.0 50,0
o USABLE 65.0 65.0
° CONDITIO%\!ING CRYOGENS 6.0 6.0
o RESIDUALS 1.2 1.2
TOTAL FLUIDS 122.2 LB 122.2 LB
TOTAL SUBSYSTEM WEIGHT 312.8 LB 347.2 LB

D04879 -
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PURGIRG, INERTING, AND PNEUMATIC SUPPLY

lo



tecuuccs - HELIUM-STORED AT LH9 TEMPERATURE

TO H, TANK
INSULATION PURGE

1500 PSIA

OG>

TO PILOT
VALVES

DGe TORL-IOH |

TO MAIN TORL-I0H 2

ENGINE

96ET66V -OSIT

> TO RL-10 H 3

D04923
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HELIUM STORED AT AMBIENT TEMPERATURE

LOCKWEED
TO Hp TANK
INSULATION PURGE
RVO1
BDO1
He £
T = 530°R : 1500 PSIA
P = 4500 Y Y
PSIA
HXO01
TO PILOT
VALVES
FROM ©;
ACPS H, ©-
TO RL-10
DOL681
1Im
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Lacuuces SUBCRITICAL STORAGE OF NITROGEN

100, TANK
LN " FROM INSULATION PURGE
2 ACPS
170°R o H
35 PSIA 272
N HX02 CO001
S ~
- 1
VVO1 !
RV02 |
BDO2 J 1] ' TO TANK
] ; i INERTING
1505 ) ‘
| @/ LT P = 15PSIA
U Hxo03 I P
(- ), P IT = 520°R
]
l |
l\
$V06 |
P = 0.1TO 15 PSIA
- TO PROPELLANT g
‘Li SV09 Jodeb-LL L 1)L 092 COMPARTMENT
ATITTTITEYTTT 7 PURGE
QDO1 003 . - N
GSE PURGE ONLY o | ;
pol683 ' '
Itm
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= PRELAUNCH PURGING

® FLOW RATES ARE VEHICLE-DESIGNED DEPENDENT

PHASE B CONTRACTORS SELECTIONS RANGED FROM 25,000 TO 65,000
LB/HR (7 TO 18 LB/SEC).

® POSSIBLE APPROACHES INCLUDE:

e INTRODUCTION THROUGH LOW-PRESSURE DUCTS

@ INTRODUCTION THROUGH MODERATE TO HIGH-
PRESSURE LINES WITH DIFFUSERS

® EVALUATION RESULTS
® LINE SIZES

10 LB/SEC — 3.5 IN.
20 LB/SEC — 4,5 IN.

) PRESSURE — 100 PSIA

Do4519(1)
11m



ASSUMPTIONS FOR STRUCTURE TEMPERATURE
—% VS TIME FOR REENTRY

&

Lad

S 650

< |4 HELIUM PURGE OF INSULATION

3 .

& ATMOSPHERIC

600 ENTRY / |

: mo | 1

O

S v 1 START

= 550 , START T  STRUCTURE

S 7 < 2 G AIR ENGINES COOLING

,.9 il
W5 12 24 % 28 60 72 84

t — TIME FROM HELIUM PURGE OF INSULATION (MIN)

DO4708
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ATMOSPHERIC AND DEW OR FREEZING TEMPERATURES

3 FOR AIR
(MID-LATITUDES)
300
AU
- - 4
| ~— | TAIR ATMOSRHERE TEMP
| —~
200 T~
E L o~
“© - Tr - DEW OR FREEZING TENP \
" .~
= — /'/’
2 100 -
o 7
< ] T = 10%F
| ' AT, SEA LEVEL
— = 370F ST “\
0 AT SEA LEVEL ——c S
50 300 350 400 . 850 500
T — TEMPERATURE (°R) |
DOLTO7
11m
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TEMPERATURES ASSOCIATED WITH REENTRY OF LH2

T - TEMPERATURE °R)

500

DOL709

11m

OMS TANK EMPTIED AFTER RETRO
e— HELIUM PURGE OF INSULATION //\
T¢ - STRUCTURE TEMPERATURE
T. = 70°F AT SEA LEVEL Z 1
= 37°F AT
| SEA LEVEL
PURGE BAG TEMP 1
|
LAND l ?
_—4 START
| START AIR STRUCTURE |
ENGINES COOLING
Te — DEW OR FREEZING 40,000 FT
l TEMP
1 | |
0 12 2% 3% 48 60 72 84

T - TIME FROM HELIUM PURGE OF INSULATION (MIN)

lo g



S VARIOUS TEMPERATURES VS TIME FROM HELIUM
3 PURGE OF INSULATION

700 l I
J T, - HELIUM INLET TEMP
600
0 I W ——
> 50 Tg - STRUCTURE TEMP
« B _
g e— HELIUM PURGE OF INSULATION
. 1
%‘ r ATMOSPHERIC ENTRY
B 400 |
! | TMIN - MINIMUM PURGE BAG TEMP
T, - HELIUM OUTLET TEMP ? START
300 ] . j STRUCTURE
==} = 100,000 FT START COOLING
‘ | | AIR ENGINES
’ - -~ DEW OR FREEZE TEMP 40,000 FT
’ | | |
200 12 24 36 48 &0 72 o4
" Dou68s t -~ TIME FROM HELIUM PURGE OF INSULATION (MIN)
11lm
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HEAT LEAK PER UNIT AREA VS REENTRY TIME FOR

L4 L3 A LH, TANKS WITH 1.0-IN. INSULATION
‘ﬁ 2
140 — . 5
T, = 600°R, f = 0,246 LB/HR FT '

—~ - ]
N - l l

& [ [ T = 200°R TO 340°R

T T, = 500°R, & = 0.285 LB/HR FT2 b TN = 340 "l

> lmhﬂzm — ~ :

g L CLOSED PURGE BAG ~+=

<

& "1, = 400°R, ¥ = 0.361 LB/HR FT2 :

< 100 t / 1

5 o 2 ! /

7 T, = 300°R, ;¥ = 0.570 LB/HR FT I / LAND T

S !

- I / START
Z 80 STRUCTURE —
S le—— MINIMUM PURGE BAG TEMP Ty, = 200°R ——] // COOLING
wr ‘ fe ] .
¥  |e———— CIRCULATING GAS PURGE BAG >= /

< | !

= fe— HELIUM PURGE OF INSULATION | /

g @ f h = 70,000 FT 7| £

T ATMOSPHERIC _ t

: TIME t = 57 MIN

N ENTRY 1= 37MINT 17| L srarT AIR ENGINES, 40,000 FT

. '
40 L »
0 12 24 36 48 &0 72 84
t - TIME FROM HELIUM PURGE OF INSULATION (MIN)
DOL68S
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2SS PURGING, INERTING, AND PNEUMATIC SUPPLY HELIUM REQUIREMENTS

SUBSYSTEM | FUNCTION | REENTRY REENTRY WITH | PRESSURE | TEMPERATURE | FLOWRATE
WITHOUT LH, IN TANKS | (PSIA) (°R) (LB/SEC.)
LH, IN TANKS
2 (LB)
(LB)
ENGINE
PNEUMATIC 60 60 ,500 490-600 6 {(MAX)
AND PURGE
OIPS
MA
{’/I:E\L;ES TIC 5 5 l,500 490-600 0.6 (MAX)
RL-10 PURGE &
OMPS/ACPS | PNEUMATIC
"7 | WITHOUT 1.7 1.7
CONTINUOUS| 470t 30 140-620 < 0.0l
BLEED
WITH
CONTINUOUS 27 27
BLEED
.stTAL':? ON 1.5-3 15 520 (INLET) <0.0l
INSULATI
PURGE 10 (INVENTORY) 15 520 (INLET) 0.02
PNEUMATIC
VALVES 0.95 0.95 700 .| 460-600 < 0.0l
NEUM .
APU F\’/ALL\;’E?HC 0.04 0.04 700 460-600 <0.0l
FUEL CELL/ | PNEUMATIC -
EC/LSS | VALVES 0.35 0.35 700 460-600 <0.0l
DOkL72(1)
1im
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NITROGEN PURGING REQU!REMENTS FOR COMPONENT

W

LBEKMNEE HYDROGEN LEAKAGE
(MAINTAIN BELOW FLAMMABILITY LIMITS)
1,000
ASCENT - 200 SEC /
g REENTRY - 3,000 SEC \/
2
: /<\
: .
O
2 >7
z 10
L)
9
Z
' io 100 1,000 10,000 100,000
EXPECTED HYDROGEN LEAKAGE (SCCM)
DO3712
H
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~ PURGING, INERTING, AND PNEUMATIC SUPPLY NITROGEN REQUIREMENTS

WITHOUT TANK WITH TANK
SUBSYSTEM FUNCTION INERTING INERTING
(LB) (LB)
ORBIT INJECTION TANK INERTING 1,820
TANK INERTING 150
OMPS/ACPS LEAKAGE PURGING 66 35
OXYGEN INSULATION
PURGING 4 4
APU LEAKAGE PURGING 13 _
FUEL CELL/ECLSS LEAKAGE PURGING 10 _
O, REMOVAL _ 0.5
AIRBREATHING ENGINE
TANK INERTING 10

Db04446
11m



LOCKHEED

ey 4
-\

'PURGING, INERTING, AND PNEUMATIC SUPPLY

1im

(1) WITH LH, IN OMPS | (1) VATH LH, IN OMPS
TANK DURING TANK DURING
REENTRY REENTRY |
(2) WITH RECIRCULA- | (2) NO RECIRCULATION | wi/O LH,, IN OMPS TANK
TION OF PURGE OF DURING REENTRY OR
BAG He PURGE BAG He VACUUM-JACKATED
| STORAGE STORAGE STORAGE
ITEM ATLH,  AMBIENT| ATLH,  AMBIENT| ATLH,  AMBIENT
TEMPERATURE STORAGE | TEMPERATURE STORAGE | TEMPERATURE STORAGE
HELIUM REQUIREMENTS 80 80 72 72 70 70
|CONDITIONING REACTANTS: )
o, 127 127 12 14 12 14
H, 127 127 12 14 12 14
TANKAGE 3106433) 1,060 | 280 (390) 1,060 | 270 (379)- 1,040
COMPONENTS 402 408 327 33 327 333
RESIDUAL HELIUM 133 33 125 25 122 2%
TOTAL DRY 712 (835) 1,468 | 607 (717 1,393 | 596 (708) 1,373
TOTAL FLUID 467 367 21 125 216 122
TOTAL 1,179 (1,302 1,835 | 828(938) 1,518 | 812(922) 1,495
D04504 (])
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PURGING, INERTING, AND PNEUMATIC SUPPLY NITROGEN
- SUBSYSTEM ALTERNATIVES

(1) VACUUM-JACKETED OMPS

TANKS
() w/O H2 LEAKAGE PURGING

(1 w/o H2 TANK INERTING
(2 w/O H, LEAKAGE PURGING

(1 w/0 H, TANK INERTING
(2 WITH H2 LEAKAGE PURGING

(1) WITH H, TANK INERTING
(2) WITH H,, LEAKAGE PURGING

(1) w/O H2 TANK INERTING
(2) W/O OIPS LEAKAGE
- PURGING

SUB- SUPER- | AMBIENT |  SuUB- SUPER- | AMBIENT | sus- SUPER- | AMBIENT | SUB- SUPER | AMBIENT | SuB- SUPER | AMBIENT
ITEM CRITICAL | CRITICAL | STORAGE | CRITICAL | CRITICAL | STORAGE |CRITICAL |CRITICAL | STORAGE |CRITICAL | CRITICAL | STORAGE |CRITICAL | CRITICAL | STORAGE
N, REQUIREMENTS:
INERTING n N 1 n 1 n 10 10 16 | 1,980 {1,980 1,980 10 10 10
PURGING - - - 4 4 4 1,320 1,320 1,320 400 400 400 8 8 8
TOTAL N, 1 1l " 15 15 15 1,330 1,320 1,330 | 2,380 |2,380 2,380 94 94 94
CONDITIONING
REACTANTS:
o, 0.8 0.77 0.77 6 65 65 118 1303 16 4.6 4.5 4.5
Hy 0.8 0.77 6.77 6 65 65 ns Nné 116 4.6 4.5 4.5
TANKAGE 2 3 20 2.25 4.25 27 25 250 2,300 45 444 4,120 5 18 140
OTHER COMPONENTS | 90 138 13 170 183 158 213 203 179 269 238 214 213 203 1%
TRAPPED N, - - - - - - 26 e 18 47 21 30 2 8 1.5
TOTAL DRY WEIGHT 92 141 133 172.25 | 187.25 | 185 238 453 2,479 N4 682 4,334 218 221 319
TOTAL FLUID WEIGHT n " n 16.6 16.5 16.5 1,468 1,581 1,480 [ 2,663 |2,827 2,646 105 1l 104
TOTAL 103 152 144 189 204 202 1,726 2,033 3,958 | 2,977 |3,507 6,978 323 332 423
D04505
11lm
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INTEGRATED SYSTEMS
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SYSTEMS [INTEGRATION APPROACH

DEVELOPED GENERAL CONCEPTS

SUBSYSTEM STORAGE COMBINATIONS (30 CASES)
LINES

TANK PRESSURE CONTROL

THERMAL CONTROL

FLUID CONTROL

FLUID CONDITIONING

DEVELOPED CONCEPT BLOCK FLOW CHARTS

)

566 ELEMENTS

COMMON STORAGE MAINTAINED AS PRIMARY INTEGRATION MODE

D04850
Iim
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INTEGRATION MODES

COMMON CRYOGENS STORAGE IS PRIMARY MODE OF
INTEGRATION - 8 SYSTEMS

6 SUBCRITICAL TANKS
e SUPERCRITICAL TANKS
SECONDARY INTEGRATION MODES - 16 SYSTEMS
8 PUMPS - COMMON OR SEPARATE
AT TANK
AT ENGINE
e PRESSURIZATION - HELIUM - CRYOGENS GAS
° VACUUM JACKET
o ACQUISITION SYSTEMS.

D04784
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SUBSYSTEM CRYOGENIC FLUID REQUIREMENTS

5, i7
QUANTITY FLOW RATE QUANTITY FLOW RATE | WHEN
(LB) (LBISEC) (LB) (LBISEC) USED
OIPS MAX 532, 000 2,374 86, 396 EARLY
MIN 360, 000 593 60, 000 99
OMPS MAX 27,000 38 5, 400 8 EARLY
MIN 18, 300 13 3,700 4 LATE
MAX 6,900 26 2,150 7.0 |MOSTEARLY{
ACPS MIN 2,000 2 500 0.5 | SomME CONT.
, SOME LATE
ABE MAX 2,800 5.0
MIN 1,500 1.0 LATE
MAX 1,450 .0053 175 .0006 CONTINU-
FUELCELL  pyn 730 0008 % 0001 OUSLY
| apu 500 .5 525 ¥, 3 EARLY
B A 100 .02 100 02 LATE
| 83 0001 CONTINU-
LIFE SUPPORT g 00004 oUSLY
DO2687(1)
1lm
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CRYOGEN WEIGHTS USED FOR COMPARISON

02 Ha lsp
0IPS 450,000 75, 000 0
OMPS ,, 15, 7 128 4, 626 404
ACPS 5,79314) 1, 645 379 SS., 34 PULSING
5) MR = 3.52
APy " 408 454 P =300 PSIA,
() MR = 0.9
FC 1, 475 I75
EC/LSS 50

()  BASED ON RL-I0 I, FOR COMPARISON - HIGHER VALUES CAN BE READILY ACHIEVED
(2) BASED ON A A V SPLIT WHICH DEVOTES 185 FT/SEC TO THE ACPS
(3) TOTAL IMPULSE = 1,687,000 LB/SEC S. S. , 1,018,000 LB/SEC PULSING

(4) THESE VALUES RESOLVE TO Oz = 5,230 AND Hj = 1,310 DELIVERED
AT THE THRUSTER FOR Ig, = 430 S.S. AND 388 PULSING

{5 OTHER VALUES USED DEPENDING ON INTEGRATION MODES AT MR =0.9

(6 NEAR THE MAXIMUM WAS USED. CURRENT NOMINAL VALUES ARE APPROXIMATELY
- 750 LB TOTAL

Do3784
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INTEGRATED SYSTEMS

9

| 1 1 v v Vi Vil Vil REF
SUBCRITICAL OMPS OMPS OMPS OMPS OMPS OMPS OMPS OMPS OMPS
Acps | |aces | |aces | |acps
APU | |APU ACPS ACPS ACPS
FC APU APU APU
EC/LSS FC APU
EC/LSS
SUPERCRITICAL FC FC APU ACPS FC ACPS FC
EG/Lss| |ec/Lss| |Fc APY EC/Lss| |APu
EC/LSS FC EC/LSS
EC/LSS FC
EG/LSS
SYSTEM WEIGHT
DRY (INERT) WT | 8,678 9,155 8,895 9,373 8,854 12,705 9,410 12,424 9,936
CRYOGENS 40,020 39,803 39,415 39,780 40,589 41,035 39,391 40,385 39,754
TOTAL 48,698 48,958 48,HO 49,153 49,403 53,740 49,101 52,789 49,690
NO. OF ' 4
COMPONENTS 375 451 679 608 433 43l 519 488 774

ALL CASES INCLUDE OIPS FEED AND FILL COMPONENT WEIGHTS BUT NOT INCLUDED IN COMPONENT

BO3817(1)
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ey REFERENCE SYSTEM

_ PRESSUR- VACUUM
STORE PUMP IZATION JACKET ACQUISITION
. SEPARATE START
SUBCRITICAL AT ENGINE HELIUM NO CONTAINER
OMPS OMPS OMPS OMPS OMPS
SEPARATE CHANNELS
ACPS AT TANK ACPS YES & HEADS -
ACPS ACPS ACPS
APU APU —
SEPARATE APU 1 AN
SUPERCRITICAL WITH APU 0, Hy '
FC NONE
FC FC EC/LSS
NONE FC
EC/LSS FC EC/LSS
EC/LSS
EC/LSS

D04437
11lm
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INTEGRATED SYSTEM |

PRESSUR- VACUUM
STORE PUMP IZATION JACKET Acglﬂsmor:l
» ON COMPARTMEN T}
SUBCRITICAL COMNIR HELIUM YES WITH HEADS
OMPS OMPS OMPS OMPS OMPS
ACPS ACPS ACPS ACPS ACPS
APU APU APU :?EU ?EU
FC FC - FC
EC/LSS EC/LsS | EC/LSS EC/LSS EC/LSS
SEPARATE AT ' OMPARTMENT
SUBCRITICAL PRI GINE HELIUM YES WITH HEADS
OMPS | OMPS OMPS OMPS OMPS
ACPS b ACPS ACPS ACPS
APU ig%y APU APU APU
FC FC FC FC
ACPS ;
EC/LSS APU - EC/LSS 1§ EC/LSS EC/LSS
FC
EC/LSS - 1
A  GEPARATE START TANK
SUBCRITICAL E AT ENGINE HELIUM NO WITH HEAD
OMPS E OMPS: OMPS OMPS 2cmps
APU COMMON - APU APU 'F:\CPU
| i« A L s FC les EC/LSS
EC/LSS AP | EC/LsS ' | EC/LSS
FC :
%‘
D04438 (1)
1lm
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INTEGRATED SYSTEM ||

STORE

a) SUBCRITICAL

PUMP

OMPS
ACPS
APU

COMMON
AT TANK

PRESSUR-
1ZATION

OMPS
ACPS

APU

HELIUM

SUPERCRITICAL

OMPS
ACPS

APU

NONE

b) SUBCRITICAL

OMPS
ACPS
APU

COMMON
AT TANK

OMPS
ACPS
APU

HELIUM

SUPERCRITICAL

OMPS

ACPS
APU

FC
EC/LSS

NONE

D04439
1im

FC
EC/LSS

FC
EC/LSS

VACUUM
JACKET

YES

OMPS
ACPS

APU

. ACQUISITION

OMPARTMENT
ITH HEADS

OMPS
ACPS
APU

YES

NONE

NO

OMPS

ACPS
APU

START TANK
WITH HEADS

OMPS
ACPS
APU

YES

FC
EC/LSS

NONE

FC
EC/LSS

f B



INTEGRATED SYSTEM 111

STORE

a)

SUBCRITICAL

PUMP

OMPS
ACPS

COMMON
AT TANK

OMPS
ACPS

SUBCRITICAL

APU

SEPARATE
AT APYU

APU

UPERCRITICAL

FC
EC/LSS

SUBCRITICAL

D STTS  eE—— GORTDSS SR CoTm CCTIE) SRS CARMGT  CEIIED  CRSRS

OMPS
ACPS

COMMON
AT TANK

OMPS
ACPS

ISUPERCRITICAL

APU

NONE

FC
EC/LSS

APU

D04440
11m

FC
EC/LSS

PRESSUR-
IZATION

HELIUM

VACUUM
JACKET

QAMPS
ACPS

NO

QOMPS
ACPS

. APU )

" YES

6; W,

APU

FC

EC/LSS

FC
EC/LSS

HELIUM

OMPS
ACPS

NO

OMPS
ACPS

ﬁg H,
APU

YES

FC
EC/LSS

APU

FC
EC/LSS

ACQUISITION

{COMPARTMENT.
WITH HEADS

OMPS
ACPS

WITH HEADS

APU
NONE

FC
EC/LSS

[COMPARTMENT

WITH HEADS
OMPS
ACPS

NONE
APU

FC
EC/LSS




INTEGRATED SYSTEMS 1V

PRESSUR- VACUUM |
) STORE PUMP IZATION JACKET ACQUISITION
a COMMON COMPARTMENT
SUBCRITICAL T TANK HELIUM NO WITH HEADS
OMPS OMSP OMPS OMPS OMPS
| ACPS ACPS ACPS ACPS ACPS
§SUPERCRITICAL NONE Oy, Hy YES NONE
APU APU APU APU APU
FC FC FC FC FC
EC/LSS EC/LSS EC/LSS EC/LSS EC/LSS
b ‘ COMMON START TANK
SUBCRITICAL AT TANK HELIUM NO WITH HEADS
OMPS OMPS OMPS OMPS OMPS
ACPS ACPS ACPS ACPS ACPS
FSUPERCRITICA NONE (0, Fy YES NONE
APU APU APU APU APU
FC FC FC FC FC
EC/LSS EC/LSS EC/LSS EC/LSS EC/LSS
c) :
COMMON , | COMPARTMENT
SUBCRITICAL COMMO! HELIUM YES S TTH HEADS
OMPS OMPS OMPS OMPS OMPS
ACPS ACPS ACPS ACPS ACPS
SUPERCRITICAL NONE Oy Hy YES NONE
APU APU APU APU APU
FC FC FC FC FC
EC/LSS EC/LSS EC/LSS EC/LSS EC/LSS

Do4441
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INTEGRATED SYSTEM vV

a)

e S CED S CHNEIR WD RTINS

D04442
1Im

STORE -

SUBCRITICAL

PUMP

OMPS

SEPARATE
AT ENGINE

PRESSUR-
IZATION

OMPS

ACPS
APU
FC
EC/LSS

COMMON AT
TANK

ACPS
APU
FC
EC/LSS

SUBCRITICAL

OMPS

SEPARATE
AT ENGINE

ACPS
APU
FC
EC/LSS

OMPS

COMMON
AT TANK

ACPS
APU
FC
EC/LSS

VACUUM
JACKET ACQUISITION
START
NO CONTAINER
OMPS OMPS
YES CHANNELS
& HEADS
APU APU
FC FC
EC/LSS EC/LSS
NO "START
OMPS CONTAINER
OMPS
YES
APU
FC ACPS
EC/LSS APU
FC
EC/LSS




INTEGRATED SYSTEM VI

Al }.1

b)

D04443
11m

STORE

SUBCRITICAL

OMPS

SUPERCRITICAL

ACPS
APU
FC
EC/LSS

REFILL
ACPS
APU

FC

ACPS
APU

EC/LSS

| EC/LSs |
SUPERCRITICAL

LLESS REFILL |

FC <!

PUMP

SEPARATE
AT ENGINE

OMPS

NONE

ACPS .
APU
FC
EC/LSS

SAME
PLUS
REFILL PUMP

PUMP AT
OMPS TANK

PRESSUR- VACUUM
IZATION JACKET
GOy GH,p = NO
OMPS : OMPS
|
GO  GHg { YES
ACPS | ACPS
APU | APU
FC L FC
EC/LSS EC/LSS
HELIUM NO
OMPS OMPS
602 GH2 YES
ACPS ACPS
APU APU
FC FC
EC/LSS EC/LSS

ACQUISITION

START
CONTAINER

OMPS

NONE

ACPS
APU
FC
EC/LSS

WITH HEADS

COMPARTMENTED

OMPS

NONE

ACPS
APU
FC
EC/LSS

j2e



INTEGRATED SYSTEM VIi|

11m

STORE

SUBCRITICAL

OMPS

SUBCRITICAL

ACPS
APU

SUPERCRITICAL

FC
EC/LSS

PRESSUR-
PUMP IZATION
SEPARATE
AT ENGINE HELIUM
OMPS OMPS
COMMON AT
A HELIUM
ACPS ACPS
APU APU
NONE 0y & Hy
FC FC
EC/LSS EC/LSS

VACUUM
JACKET ACQUISITION
START
NO CONTAINER
OMPS OMPS
CHANNELS
YES & HEADS
ACPS ACPS
APU APU
YES NONE
FC FC
EC/LSS EC/LSS

17 Q
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FNTEGRATED SYSTEM Vil

STORE

SUBCRITICAL

PUMP

OMFS

SEPARATE
AT ENGHNE

PRESSUR-
IZATION

OMPS

SUFPERCRITICAL

OMPS

ACPS
APU

NONE

ACPS
APU

Qp Hy

FC

ACPS ]

APU

Do4445
11m

“g

FC
EG/LSS

FC
EG/LSS

VACUUM
JACKET

NO

YES

ACPS
APU

FC
EC/LSS

ACQUISITION

ART
CONTAINER

Omps

NONE

ACPS
APU

FC
EC/LSS

b

RS A D

13¢
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SUMMARY OF WEIGHTS AND COMPONENTS

!nsteg::ted Ia 1) Ie Ta m mMa b IVa Ivb Ve Va Vb Via A1) VI il Ref
) stems
Inert/ | Imert/ | Inert/ || Inert/ | Inert/ | Inert/ | Inert/ || mert/ | Imert/ Inert/ l Inert/ | Inert/ || Inert/ | Inert/ | Inert/ | Inert/ || Imert/
Subsystem Cryogens |Cryogens [Cryogensi{Cryogens Cryogens| Cryogens |Cryogens) Cryogens Cryogens | Cryogens|| Cryogens | Cryogens| Cryogens CryogensiCryogens | Cryogensfi Cryogens
oIPS 3,298 3,298 3,298 3,298 3,298 3,298 3,298 8,298 3,298 3,298 3,298 3,298 3,298 3,298 3,298 3,298 3,731
™\ W N
OMPS.
3,946/ [{3,946/ |[|3,946/ |V4,763/ ,733/ 112,084/ | 2,126/ [ 2,084/ {2,084/ {2,128/ |2,084/ {2,021/
ACPS 37,003 {137,003 fif 37,003 | 36,673 || 37,003 || 29,143 | 29,022 || 29,143 | 29,143 29,022 | 29,143 || 29,129
5,283/ |l5,497/ 2,763/
APU $5,380/ {{5,983/ 123/ [1{38,128 | 38,781 871/ | 1,601/ 1 3,410/ |le,468/ 8,191
40,020 ([ 39,858 ||40,172 737 828 2,129/ |\2,129/ 8,994 9,547 871/
. 2,777 2,717 737
FC 181/
574/ 574/ 574/ 574/ 2,129/ fi{3,472/ }i3,450/ |}7,328/ , 287/ 1,646
EC/LSS 1,675 1,675 1,675 1,675 j 2,777 |i[ 11,406 ([ 10,950 [l{ 11,892 || 11,892 '
J ) s74/ [\ 574/
1,675 1,675 63/51
Total 8,678/ |9,281/ |»9,421 9,155/ |9,369/ [ 8,695/ |9,419/ | 9,373/ | 10,190/ |10,160/ 8,854/ | 8,878/ [12,705/ |10,669/ [ 9,410/ [12,424/ || 9,936/
40,020 | 39,858 | .40,172 | 39,803 | 40,456 | 39,415 | 39,506 ]| 39,780 39,450 | 39,780 || 40,549 | 39,972 || 41,035 | 41,035 { 39,691 | 40,365 {| 39,754
Number of
Co mMmm(l) 875 396 422 451 477 679 622 608 634 608 433 443 431 48:.1 519 488 774

(1) Does not include OIPS components

D04456
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OiPS PREPRESSURANT CHANGES

REMOVED FROM OMPS (433 LB TOTAL) COMPONENTS NO. WEIGHT
PREPRESSURANT (520°R ISOTHERM) FVO! -1 5.7
co, 5 RVO1 2 13.5
8003 2 3.0
GH, 15 $V02 i 5.2
TANKS (4,000 PSIA) RVO2 2 15.3
o, v BDO4 2 3.0

10 45.7 L8

H, 3%

ADDED TO ACPS (109 LB TOTAL)
STORAGE TANK

PREPRESSURANT CONDITIONING AWEIGHT LINE WEIGHT
GO, (350%R) 6.0 - - 2.0 15.0
GH, (250°R) 23.0 8.0 40.0 15.0
DO3453

132



HEAT GENERATION AND REJECTION - FIRST TWO ORBITS

CABIN AND CREW ELECTRONIC TOTAL
PHASE DURATION MIN, MAX.  MIN.  MAX. MIN. :
(HR) (BTU/HR) (BTU/HR) (8TY)
PRELAUNCH 0.083 860 2,600 26,20 34,1 2,100 3,010
ASCENT 0.1 1,860 4,600 24,270 36,850 2,970 4,670
PHASING 3.0 0 3,600 19,440 43,680 58,100 142,000
7,680 BTU THROUGH ASCENT = NO VENTING 4P = 0.15
COMPONENT NO. WEIGHT
V37 cPs3 2 6
sV57 6 15
$+-5a-Da-Da-= svs8 38
SV59 3 s
e o ) $V60 3 4
HX58 HX58 2 2
OIPs =
H, 39
SV60 TANK
RADIATOR \_/
BY-PASS
SV59 SV58
DO3k88

13



OMPS PREPRESSURANT SYSTEM CHANGES

REMOVED FROM OMPS (965 LB TOTAL) COMPONENTS NO. WEIGHT
PREPRESSURANT (520°R ISOTHERM) ' %a 1 (l’ .5
1 1 .75
GO, 3718 QDO1 i \.75
GH, 318 RVO1 i 1.92
2 i 2.
TANKS (4,000 TO 200 PSI) $Q02 I 0.9
o, 435 L8 Fzgz 1 1.77
RVO2 1 1.77
Hy 15518 BDO2 ! 0.2
10 12.8L8
ADDED TO ACPS (541 LB TOTAL)
PREPRESSURANT CONDITIONING STORAGE TANK AWEIGHT
GO, (350°R) 420 23 ~ 61
GH, (250°R) é 2 ~29
DO345T
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FUEL CELL TO CRYOGENS HEAT TRANSFER SYSTEM

Radiator
DG D<A <O—

N roTow o o e o e o e “:’ﬂ—-i
| DG W8T AXSS  AX {
| we cv5 !

|
| :
, YV 53 [
| - > |

Alternate System Required

DOo3uk2 .
/135



HEAT TRANSFER SYSTEM WEIGHTS

Components Number " Weight

eig

HX 6l 2 0.8
HX 62 2 0.4
HX 55 2 1.0
HX 56 2 0.4
CP 56 2 4.0
CP 55 2 8.0
YV 53 4 12.0
YV 54 4 12.0
SV 63 6 18.0
CV 5l 3 4.5
Total 61.0
10.0

Lines (Estimate)
| 71.1
Conditioning required if fuel cell heat is not used to condition fuel cell reactant.
Condition 175 1bH, =64 Ib

Condition 1,450 Ib 022 - 80 b 144 1b

DO3h41
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REFILL COMPARISON FOR ACPS + FC + APU + EC/LSS

D03780
flm

0, TANK

2
INSULATION
VACUUM JACKET

H, TANK

2
INSULATION
VACUUM JACKET

02 RESIDUAL

Ho RESIDUAL

ADDED COMPONENTS

ADDED CONDITIONING

ADDED STORAGE, OMPS TANKS
ACQUISITION

TOTAL WEIGHT SAVINGS

NO REFILL

1,020

8
59

3, 600

6l
27

55
203

REFILL

o ¥ |

2,240

B8

i3
12
370
53

WEIGHT

-140

5
-43

-1,360

-22
-19

-402
-131
+370
+53
+123
+200

2,036

137



Ll!_ts%tﬁiﬁ_ START TANK CONCEPT

GH2
He
ENGINE
ADVANTAGES:
] LIMITS HELIUM USE
6 PROVIDES FINITE ACQUISITION METHOD
e PERMITS ELIMINATION OF VACUUM JACKETING
DISADVANTAGES:
9 HEAVY
o DUTY CYCLE RESTRICTED
] HEATED HELIUM PURGE REQUIRED
D04849

llm ,
138 .



LOEAAEED

CASE 1la

INTEGRATED PURGING,
AND PRESSURIZATION SUPPLY HELIUM REQUIREMENTS

INERTING,

PNEUMATIC,

1llm

HELIUM WEIGHT | PRESSURE | TEMPERATURE | FLOW RATE
SUBSYSTEM FUNCTION (LB) (PSIA) (°R) (LB/SEC)
OIPs ENGINE 60 1500 490-600 6 (MAX)
PNEUMATIC
AND PURGE
PNEUMATIC 5 500-700 490-600 0.6 (MAX)
VALVES
OMPS/ACPS/APU/ Hy TANK - - ; ]
FC/EC/LSS INSULATION
VACUUM-JACKET PURGE
TANKS
ACPS VALVES 0.95 500-700 460-600 | <0.01
APU VALVE 0.04 500-700 460-600 <0.01
FC/EC/LSS 0.35 500-700 460-600 <0.01
VALVES |
Hy TANK 45 18 (MIN) 37 0.4 (Max)tV
PRESSURIZATION
02 TANK 6 20 (MIN)| 165 0.046 (Max)(V
PRESSURIZATION

(1) BASED ON THREE TURBOPUMPS OPERATING AT 2.9 LB/SEC FOR H, AND 14.5 LB/SEC EACH FOR 02 .

D04934
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CASE

lﬂ[lH!EE

Illa

INTEGRATED PURGING,
PRESSURIZATION SUPPLY HELIUM REQUIREMENTS

PNEUMATIC,

AND

iIm

HELIUM WEIGHT | PRESSURE | TEMPERATURE | FLOW RATE
SUBSYSTEM FUNCTION (LB) (PSIA) (°R) (LB/SEC)

OIPs ENGINE 60 1500 490-600 6 (MAX)

PNEUMATIC

AND PURGE

PNEUMATIC 5 500- 700 490-600 0.6 (MAX)

VALVES
OMPS/ACPS Ha TANK 10 15 520 (INLET) |  0.02
(PUMPS-AT-TANKS) INSULATION

PURGE WITH

LH, IN TANK

PNEUMATIC 0.95 500- 700 460-600 <0.01

VALVES

Hp TANK PRESSURE 43 22 (MIN) 37 0.4 (MAX)

O, TANK PRESSURE 5 2 (MIN) 165 0.046 (MAX)
APU PNEUMATIC 0.04 500- 700 460- 600 <0.01

Hp TANK PRESSURE 15 31 37 <0.09

O, TANK PRESSURE 1 31 165 <0.01
FC/EC/LSS PNEUMATIC 0.35 500- 700 460-600 <0.01

D04933



CASE

. MEED

o

ia'l!

INTEGRATED PURGING, PNEUMATIC,
PRESSURIZATION SUPPLY HELIUM REQUIREMENTS

AND

lim

HELIUM WEIGHT | PRESSURE | TEMPERATURE | FLOW RATE
SUBSYSTEM FUNCTION (LB) (PSIA) (°R) (LB/SEC)

oIps ENGINE 60 1500 490-600 6 (MAX)

PNEUMATIC

AND PURGE

PNEUMATIC 5 500-700 490- 600 0.6 (MAX)

VALVES
OMPS/ACPS RL-10 PURGE 1.7 500- 700 140-620 | <0.01
PUMPS-AT-ENGINE | PNEUMATIC

WITHOUT

CONTINUOUS

BLEED

Hy TANK INSULA- 10 15 520 (INLET) |  0.02

TION PURGE WITH

LH, IN TANK

PNEUMATIC 0.95 500-700 460-600 | <0.01

VALVES

Ha TANK PRESSURE 15 3 37 0.2

O, TANK PRESSURE 28 3 53 0.046'2
APU PNEUMATIC 0.04 500-700 460-600 | <0.01

Hy TANK PRESSURE 15 3 37 <0.09

O, TANK PRESSURE I 31 165 <0.11
FC/EC/LSS PNEUMATIC 0.35 500-700 460-600 | <0.01

(1) MODIFIED FOR USE OF RL-10 ENGINES FOR THE OMPS.
(2) BASED ON H2 AT 8.5 LB/SEC AND 02 AT 45.5 LB/SEC

D04932




HELIUM SUPPLY TANK AND USABLE HELIUM WEIGHT

o

N~

MINIMUM BLOWDOWN
PRESSURE (PSIA)

TOTAL HELIUM + TANK WEIGHT (L8)

28

USABLE RESIDUAL HELIUM WEIGHT (LB)
8

0 LA,

0 3,50 4,000 4,50 5,000
MAXIMUM TANK PRESSURE (PSIA)

D04936



INTEGRATED PIP AND PRESSURIZATION HELIUM SUPPLY

i

PRESSURIZATION SYSTEM

INTEGRATED SYSTEM

?&wr WEIGHT (1)  § WEIGHT, (LB)
ITEM fa la Ma | il MOD la Ma | Mo MOD
HELIUM REQUIREMENTS 72 80 45 58 | 130 i 13¢ | 208
CONDITIONING REACTANTS:
02 12 | 12 -l - - 12 | 127 | 27
H, 12 | 127 - - - 12 | 127 | w7
TANKAGE 280 | 310 50 72 | 152 265 | 265 | 315
COMPONENTS 327 | 402 64 64 64 375 | 375 | 468
RESIDUAL He 125 | 133 3 4 | w 195 72 2
TOTAL DRY &7 | 712 W | 13 | 216 630 | &40 | 783
TOTAL FLUID 21 | 467 48 62 | 140 230 | 460 | 4es
TOTAL 828 | 1,197 162 | 198 | 336 860 [1,100 [1,267
WEIGHT SAVINGS | 130 | 295 | 286

Hm

D04937



COMPATIBILITY BETWEEN PROPELLANT USAGE
UNCERTAINTY AND PROPELLANT USAGE CONTROL

+250
MR 4.8 ADD 170 LB LH
MR 5.5 ADD 238 LB Lo%_
+200 WITHOUT MR ADD 82 LB LOj
CONTROL: 107 LB LM, -
- O, CONTROL CAPARLITY 2
+150
Hy CONTROL CAPABIUTY-? A
+]00 | o ey eoxy G aeEy eI ATy amrmy KONy 2 aEED G mmmjﬁ@
o *®
s
3
4 0
. USAGE r&w
JCERTAINTY UNCERTAINTY]
-50
- H, CONTROL CAPABILITY
-1501
' O, CONTROL CAPABILITY
_200 l
4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

MR OF RL-10 DURING RETROBURN
D04938



COMPATIBILITY BETWEEN PROPELLANT USAGE
UNCERTAINTY AND PROPELLANT USAGE CONTROL

+250
MR 4.8 ADD 170 LB LH
MR 5.5 ADD 238 LB L_022
+200 WITHOUT MR ADD 82 LB LO;
CONTROL: 107 LB LH, -
- O, CONTROL CAPABILITY 2
+150
Hy CONTROL cxxmmuw--—zl’
. -
G
(54
>
4 o _ ‘
: o USAGE M2 USAGE
ISICERTAINTY UNCERTAINTY|
L 1
-50
- H,) CONTROL CAPABILITY
-150 :
' O, CONTROL CAPABILITY
200 L— l
4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8

' MR OF RL-10 DURING RETROBURN
D04938
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AOERBED

- INTEGRATED OMPS/ACPS/APUIFC/EC/LSS WITH
R COMMON PUMPS -

Bt |

lim

o - U3 LY/SEC

COMMON
. FILL SYSTEM 2 - 1000 Pl
’ SyiZ
.—>‘< .
et
SVIio -
Svo7
e
svio )
$vo7
;4—>~.|
S
Svio
o
APy
[ SVe8
0 ol
2 -
2,9 13/52C ']
Pel300 PSLA ‘a & G
3 TO FUEL
CCELLS
£5/c 53
V02
V03
8005
10 'CS
10 RCS THRUSTER

THRUSTER MANF A

”®RO2
R eTm -
VE : ]
¢ i GH o
. 2000 PSIA NC“{:"
: 25000 ey
. B¢ ~
) 3 10 FUfL
Svil sail Ceus
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SEBIATE PPV ACTS « T Yo, Ra a1 Y28

OMPS/ACPS WITH PUMP-AT-TANK

D04448
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SUBCRITICAL APU CRYOGENIC SUPPLY SUBSYSTEM

D04483

14/



VK - INTEGRATED SUPERCRITICAL FUEL CELL/LIFE SUPPORT SUBSYSTEM

D04480 |
/%2



LBCKKHEED
‘Q

INTEGRATED OMPS/ACPS WITH PUMP-AT-ENGINE

¢

D04481
11m
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SUMMARY OF EFFECTS
OF

DEGREE OF INTEGRATION
AND

OPERATIONAL MODE
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INTEGRATED SYSTEMS RESULTS

D04802

WEIGHT PENALTY OF 600 LB FOR USING TWO RL-10
ENGINES INSTEAD OF LIQUID-FED OMPS THRUSTERS

WEIGHT PENALTY OF 180 LB FOR A START TANK SYSTEM

FULLY INTEGRATED SYSTEM IS LIGHTEST AND HAS
FEWER COMPONENTS (1a)

SYSTEM WITH SEPARATE SUBCRITICAL APU IS NEXT
LIGHTEST - LARGE COMPONENT COUNT (1lla)

VACUUM JACKET ON OMPS TANKS RESULTS IN
WEIGHT PENALTY OF 550-T0-750 LB

INTEGRATED SYSTEMS CAUSE DIFFICULT
ACQUISITION PROBLEMS

HELIUM REQUIRED IN ALMOST ALL ATTRACTIVE
SYSTEMS

14y
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INTEGRATED SYSTEM RESULTS (Cont'd)

Hm

. D04900

REFILL OF SUPERCRITICAL TANKS SAVES 2000 LB, BUT
INTRODUCES DISADVANTAGES ORIGINALLY ELIMINATED BY
USE OF SUPERCRITICAL STORAGE

ASCENT TANKS USABLE FOR HEAT SINK PRIOR TO DEPLOYMENT
OF RADIATORS

ACCVENT TANKS CAPABLE OF PREPRESSURIZATION FROM ACPS
ACCUMULATORS

EC/ILSS HEAT USABLE FOR FUEL CELL REACTANT CONDITIONING

COMMON PUMPS CAPABLE OF SUPPLYING LIQUID TO OMPS
AND TO ACPS CONDITIONERS

APU REACTANTS USABLE AS HEAT SINK FOR EC/LSS DURING
REENTRY - |

N



REUSABILITY/RELIABILITY EVALUATIONS

196



TYPICAL FAILURE RATES AS FUNCTION OF TIME

DEBUGGING USEFUL-LIFE | WEAROUT
Loy e G
REGION REGION REGION
v
w
)
g
2
|V
TIME —
D02956
IIm
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OMPS/ACPS SYSTEMS (PUMP-AT-ENGINE) - SYSTEM 111

1.000

PROBABILITY OF SYSTEM FAILURE

D04484 (1)
11m

COMPONENTS REPLACED:

FLIGHT 21; PROI
FLIGHT 43; PRO1
___ FLIGHT 64; PROI

FLIGHT 73; SVO3A, SV03B, PS04

FLIGHT 85; PRO1

, PRO2

] | I |
SEQUENTIAL PUMP-RUN SCHEDULE e

L |

~

>

v

=]
M/

/C;ELIECTED PU{V\P—RUN SICHEDULE

/

COMPONENTS REPLACED:

FLIGHT 22; PRO1
FLIGHT 43; PRO1
FLIGHT 64; PRO1

r/
_—

-

FLIGHT 73; SVO3A, SV03B, P504
FLIGHT 85; PRO1
FLIGHT 96; SVT0A, SV12A

| | |

0 10 20

30 40

50 60 70 80 90 100

PROJECTED NUMBER OF FLIGHT MISSIONS

102



e

OMPSJACPS SYSTEMS (PUMP-AT-TANK) - SYSTEM I

1.000

0.800

0.600

0.400

0,200

PROBABILITY OF SYSTEM FAILURE

D04516 (1)
11lm

4 1 1 I 1
COMPONENTS REPLACED: (SINGLE REPLACEMENTS)

FLIGHT 64; PRO1, PRO2

FLIGHT 71; SVO4A, SV04B, PS03

SEQUENTIAL PUMP-RUN SCHEDULE

/

e

e

KPRESELECTED PUMP-RUN SCHEDULE /

__

-

%

COMPONENTS REPLACED: (SINGLE REPLACEMENTS)
FLIGHT 64; PRO1, PRO2

ELIGHT 71; SVO4A, SV04B, PS03, SVO9
FLIGHT 93; SV06AI
l

20 30

PROJECTED NUMBER OF MISSIONS

40 50 60

70

80

90

100

By



COMPARISON OF PUMP-AT-TANK AND PUMP-AT-ENGINE -
LT UL

=R

PRESELECTED PUMP-RUN SCHEDULE - SYSTEM 111

COMPONENTS REPLACED:

FLIGHT 22; PROI
FLIGHT 43; PROI

1.000 FLIGHT &4; PRO1, PRO2
i FLIGHT 73; SVO3A, SV03B, PS04
5 FLIGHT 85; PROI
Z FLIGHT 96; SVI0A, SVI2A
w 0,800
E /I/
& PUMP-AT-ENGINE —_ - el
= 0.600
O /
E / =P ,-
2 0.400 / <
g e / \*-PUMP-lAT-TANK
(-4
S / i’/Cg;PONENTS REPLACED: (SINGLE REPLACEMENTS)
0.200 é " FLIGHT 64; PROI, PRO2 i
FLIGHT 71; SVO4A, SVO4B, PS03, SVO9
FLUGHT 93; SVO6A
| 1 | | 1

0'0000 10 20 30 40 50 60 70 80 90 100

'PROJECTED NUMBER OF FLIGHT MISSIONS

DO469T
11lm
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COMPARISON OF PUMP-AT-TANK AND PUMP-AT-ENGINE

epgxuees SEQUENTIAL PUMP-RUN SCHEDULE - SYSTEM 11!
COMPONENTS REPLACED:
FLIGHT 21; PROT
FLIGHT 43; PROT
1.000 FLIGHT 64; PRO1, PRO2
. FLIGHT 73; SVO3A, SVO3B, PS04 -
2 FLIGHT 85; PROI —+
m ® r
- PUMP-AT-ENGINE e
ul =
2
S .60 PUMP-AT-TANK
L.
o)
>-
[
= 0.400
a = COMPONENTS REPLACED: (SINGLE REPLACEMENTS)
< .
Q FLIGHT 64; PRO1, PRO2
a FLIGHT 71; SVO4A, SVO4B, PSO3
0.200
0.000, 10 20 30 40 50 &0 70 80 90 100
PROJECTED NUMBER OF FLIGHT MISSIONS
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INTEGRATED FUEL CELL AND ENVIRONMENTAL CONTROL -
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DCKMEED COMPARISON FOR PRESELECTED AND SEQUENTIAL PUMP
?ﬁﬁ? ARRANGEMENT FOR PUMP-AT-ENGINE - SYSTEM |

1.000,
0.900

0. 800
0.700 » /7&/)—4[94
/

0.600 /M‘/

0.500 /

0.40 / ,/

0. ,/ ,/

0. 200 A /]  PRESELECTED
/

PUMP ARRANGEMENT
0.100 /|

0.0001&~
0 0 20 30 40 5 60 /0 8 90 100
PROJECTED NUMBER OF FLIGHT MISSIONS

SEQUENTIAL PUMP ARRANGEMENT —

PROBABILITY OF SYSTEM FAILURE

COMPONENT REPLACEMENTS: (AT GROUND SERVICING FOR FLIGHT INDICATED)

FLIGHT 22 - PROI

FLIGHT 26 - CUOIl, CU02, CUO3
FLIGHT 43 -~ PROl, CUO5
FLIGHT 46 - PPOIA, PPOIB, PPOIC
FLIGHT 51 - CUOI, CuU02, CUO3

FLIGHT 64 - PROI, PRO2,PRO5, PRO6, PRO7, PRO8, PROPA, PRO9B,
PRO9C, PRIOA, PRIOB, PROIC

FLIGHT 71 - SVO4A, SV04B, PSO3

FLIGHT 76 - CUOI, CU02, CUO3

FLIGHT 85 - PROI, CUO5

FLIGHT 86 - PTOI

FLIGHT 91 - PPOIA, 0OIB, PPOIC
FLIGHT 100 - CUOI, CU02, CUO3

DOWT13
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COMPARISON OF RELATIVE RELIABILITY ]
N OF SYSTEM I, SYSTEM 111, AND o -
e NONINTEGRATED SYSTEMS (PUMP-AT-ENGINE)
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EFFECT OF OPERATIONAL MODE
AS COMPARED TO INTEGRATION METHOD

I | | ]

NONINTEGRATED SYSTEM (SPA) (0.028169)

) | | |
\ :INTEGRATED VEHICLE SYSTEM (SPA) (0.026193)
| |
\ \ Y SYSTEM THREE {SPA) (0.023469)
~ N
1,000 ‘ l SEQUENTIAL OPERATIO
w \ \
2 .90 \ \
E .700 \ - ///\/ -
7 7 -~
g i PRESELECTED OPERATION
L. .m /
° V4
> .500 / i
- 4 Y A
= 400 // A// "\ NONINTEGRATED SYSTEM (PPA) (0.008972)
< / I SYSTEM THREE (PPA) (0.008416)
Q .300 ' ' i i
= // __INTEGRATED VEHICLE SYSTEM (PPA)
-200 (0.006162)
.100
.000
0 10 20 30 40 50 60 70 80 90 100
PROJECTED NUMBER OF FLIGHT MISSIONS
D04911
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wocxwees  CONCLUSTONS REGARDING EFFECTS OF INTEGRATION
# ON REUSABILITY AND RELIABILITY

J|||

e COMPONENT REPLACEMENT REQUIREMENTS AS A RESULT
OF WEAROUT ARE RELATIVELY LOW

o INTEGRATION HAS A SIGNIFICANT EFFECT ON PER-FLIGHT
RELIABILITY, BUT LITTLE ON RELIABILITY/REUSABILITY

@ OPERATIONAL MODE (USE OF REDUNDANCY) HAS A
SIGNIFICANT EFFECT ON RELATIVE RELIABILITY, AND
MODERATE EFFECT ON REPLACEMENT

Hm  possss

)57
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INSTRUMENTATION AND CONTROL



uuasE INSTRUMENTATION AND CONTROL APPROACH

EACH SUBSYSTEM AND INTEGRATED SYSTEM EXAMINED FOR INSTRUMENTATION
AND CONTROL AND MODIFIED ACCORDINGLY.

e  DETAILED INFORMATION PROVIDED FOR

—  INTEGRATED OMPS/ACPS SUPPLY
—  SUBCRITICAL AUXILIARY POWER
—  INTEGRATED FUEL CELLILIFE SUPPORT SUPPLY

o  INFORMATION CONSISTS OF:

—~  FUNCTIONAL FLOW
—  EVENT FLOW CHART

_ CONTROL SCHEMATICS FOR EACH MAJOR SUBSYSTEM
FUNCTION (CONDITIONING, PRESSURIZATION, ETC.) o

D04926
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COMPONENT EVALUATIONS
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LOE

9 COMPONENT EXAMINATION APPROACH

| SELECTION OF
LMSC o] COMPUTER | o
SCHEMATICS ANALYSES | COMPONENTS
TO DETERMINE e DESCRIP- TECHNOLOGY
* COMPONENT TION - EVALUATION
SI1ZING o DRAWINGS |
. o LIFETIME
Rwé?:'ON ~ — COMPONENT
SCHEMATICS DATA SHEETS
{
MALFUNCTION
EVALUATION
Y
COMPONENTS AND RANGES ngmn\oE%%
SELECTED BY LMSC DATA . .

/4/



TYPICAL REENTRY STRUCTURAL TEMPERATURES (HIGH CROSSRANGE)

250

STRUCTURAL TEMPERATURE (°F)
%
)
X

100

GROUND-COOLING ON

TOUCHDOWN

50

v Ly

0
O 20 40. 60 80 100 120 140 J60 180 200 220 240 260 280 300

TIME FROM 400,000 FEET (100 SEC)
D03706
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EFFECT OF HELIUM LEAKAGE INTO TANKS WITH

4 / 1
3 / /

2 .
l / // - LIQUID HYDROGEN TANK

100 1000 10,000 100,000

% INTEGRATED OMPS/ACPS PROPELLANTS
4 (TYPICAL DUTY GYCLE — I7TH ORBIT RENDEZVOUS).
I3 // - —— SINGLE TANKS
i2 VAPOR PRESSURE — 16 PSIA
2 | Heum oxveeN TANK / INITIAL PRESSURE — 26 PSIA
< 1l
£
N
- /
(-4
9
/
a8
o , f . MAXIMUM PRESSURE OCCURS
& 7 DURING PERIOD WHEN —
= / DOCKED (OR PARKED)
2
0
[~
=
2
=

COMPONENT HELIUM LEAKAGE INTO TANKS (SCCM)

D03787
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1BEENEED EFFECTS OF PRESSURE CONTROL APPROACH ON OMPS LH, TANK

T 2
EXPULSION PRESSURE — 28 PSIA
VENT PRESSURE — 23 PSIA (OR EQUIVALENT VAPOR PRESSURE)
MAINTAINING NPSH - 5 PSIA
~—__ BOILOFF
200
RESULTS USING
= TEMPERATURE CONTROL
= ® | I
— RESIDUAL HYDROGEN
g 160 |
g SOILOFF HYDROGEN RESIDUAL HYDROGEN
-l
120 \:
80 N
[0) \
g RESIDUAL HELIUM
RESIDUAL HELIUM
(PRESSURANT) | (PRESSURANT)
L
0
0 100 200 300 400 500 600
PRESSURANT TEMPERATURE (°R)
D02967
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COMPARISON OF EFFECTS ON OMPS FROM
PRESSURIZATION AND INSULATION VARIABLES

DO29L8
Hm

BOILOFF (LB)

300

GH, PRESSURIZATION (350°R — 36 PSIA)

250 \

200

AN

150

N

~—

0.6

0.8 1.0
INSULATION THICKNESS (IN.)

1.2

BOILOFF (LB)

300

250

200

150

~N

INSULATION 0.75 IN.,

N

24

26

28 30

VENT PRESSURE (PSIA)
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LOCKHEED

W

CONCLUSIONS RELATED TO COMPONENTS MECHANICAL AND ELECTRICAL

D04889
lim

COMPONENTS ARE AVAILABLE AND PRESENT TECHNOLOGY
SATISFACTORY FOR MOST APPLICATIONS.

COMPONENT REPLACEMENT AS A RESULT OF WEAROUT WILL
NOT BE SEVERE.

LIFETIME FACTORS ASSOCIATED WITH ORGANIC MATERIALS 1S
MAJOR CAUSE FOR REPLACEMENT.

COMPONENT FAILURES BY WEAROUT MOST LIKELY IN:
SEATS
BELLOWS AND DIAPHRAGMS .
COMPONENT LEAKAGES CAN BE "MODERATE" TO "HIGH".
DISCONNECTS SHOULD BE IMPROVED.

/¢ &



A28 CONCLUSIONS RELATED TO COMPONENTS INSTRUMENTATION AND CONTROL

 D04890
Hm

PRESSURE SWITCHES REQUIRE IMPROVEMENT.

LIQUID-HYDROGEN PRESSURE TRANSDUCERS ARE NEEDED.

CONTROL OF LH2 TANK VENTING BY TEMPERATURE IS DESIRABLE.

ZERO-g SENSING DEVICES ARE NOT NECESSARY.

LEAKAGE DETECTION IMPROVEMENT IS NEEDED.

/e 7
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CONCLUSIONS RELATED TO COMPONENTS TANKAGE AND FEEDLINES

D04892
Ilm

e TANKAGE REUSABILITY APPROACHES ARE SATISFACTORY, BUT
FRACTURE MECHANICS DATA ARE SHORT.

° ACCUA?ULATOR WEIGHT REDUCTION IS DESIRABLE (COMPOSITE
TANKS).

e FEEDLINE COMPONENTS ARE CAPABLE OF DESIRED CYCLE LIFE.

e FEEDLINE WEIGHTS CAN BE REDUCED BY ALUMINUM FEEDLINES
WITH STAINLESS STEEL EXPANSION JOINTS.

e VACUUM SEALOFF VALVE LIFETIME IMPROVEMENT IS NEEDED.
e FIBERGLASS SUPPORTS FAIL IN TENSION LOADING AT WARM END,
e PROPELLANT ACQUISITION IS A MAJOR PROBLEM.

eF



%} CONCLUSIONS RELATED TO COMPONENTS INSULATION

e SUBSYSTEMS ARE NOT SENSITIVE TO:
MULTILAYER INSULATION TYPE

THERMAL CONDUCTIVITY OF FOAM (WEIGHT TO PREVENT
AIR LIQUIFICATION AND EXCESSIVE ICING IMPORTANT).

o MULTILAYER INSULATION REQUIRES LITTLE DEVELOPMENT.
PROTECTION FROM ENVIRONMENT IS PRINCIPAL PROBLEM.

e REUSABLE GROUNDHOLD AND ASCENT (AND REENTRY)
INSULATION NEEDED.

e FEEDLINE INSULATION DESIGNS NEED IMPROVEMENT.

D04891
Im



TECHNOLOGY EVALUATION
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LECKHEED TECHNOLOGY EVALUATION SUMMARY
= PROPELLANT ACQUISITION

MAJOR CRYOGENIC TECHNOLOGY REQUIRING ADVANCEMENT

CONSIDERATIONS

e ADVERSE ACCELERATION REQUIREMENTS ARE HIGH, PROBABLY
REQUIRING MULTIPLE SCREENS

e SEVERE START TRANSIENTS
e GAS INGESTION MAY NOT BE EXCLUDABLE

e THERMAL PROBLEMS IN SUBCOOLED SYSTEMS MAY NOT BE AS
SEVERE AS GAS INGESTION

D04877
Hm
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TECHNOLOGY EVALUATION SUMMARY
MECHANICAL AND ELECTRICAL COMPONENTS

D04898
lim

VALVES AND REGULATORS REQUIRE LITTLE TECHNOLOGY ADVANCE-
MENTS OTHER THAN DESIGN IMPROVEMENTS. DISCONNECTS
NEED ADVANCEMENT,

CRYOGENIC-COOLED ELECTRICAL MOTORS TECHNOLOGY
ADVANCEMENT (AND RELATED ALTERNATORS)

ATTITUDE CONTROL PROPELLANT SUPPLY PUMP:
LINEAR START TRANSIENT
LOW HEAT SOAK BACK

AUXILIARY POWER UNIT SUPPLY PUMP SHOULD OPERATE
CONTINUOUSLY

17 2



LOCKHEED -

a

TECHNOLOGY EVALUATION SUMMARY

D04897
lHim

INSTRUMENTATION AND CONTROL

PRESSURE SWITCH LIFETIME IMPROVEMENT
LIQUID-HYDROGEN PRESSURE TRANSDUCER DEVELOPMENT
LEAKAGE-DETECTION DEVICES

TEMPERATURE CONTROL OF HYDROGEN VENTING

.“.3
i, “



| l““'ﬂf; TECHNOLOGY EVALUATION SUMMARY
TANKAGE AND FEEDLINES

e REUSABLE COMPOSITE TANKAGE FOR ACCUMULATOR
WEIGHT REDUCTION

e IMPROVEMENTS IN VACUUM SHELLS FOR LARGE TANKS

o ALUMINUM FEEDLINE TECHNOLOGY

e VACUUM SEALOFF VALVE IMPROVEMENT

D04896
lIm
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TECHNOLOGY EVALUATION SUMMARY

LOCKMNEE
“iﬁ INSULATION

e MULTILAYER INSULATION DOES NOT REQUIRE SIGNIFICANT
_ TECHNOLOGY ADVANCEMENT. SOBAZ-DESIRABLE PROGRAMS
ARE:

"BREATHING" TYPE DEVICE TO REMOVE WATER AND
MOISTURE IN AREAS WHERE REENTRY PURGING IS NOT
REQUIRED.

PURGING STUDIES TO IMPROVE ANALYTICAL TECHNIQUES.

- o  GROUNDHOLD, ASCENT, AND REENTRY INSULATION
IMPROVEMENT (FOAMS, SURFACE TENSION, ETC.)

e REMOVABLE FEEDLINE INSULATION SYSTEM

D04899
Hm

o
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LOCKHEED TECHNOLOGY EVALUATION SUMMARY
| "“%# | ANALYT!ICAL TECHNIQUES

o  PRESSURIZATION ANALYTICAL TZCHNIQUES

e CRYOGENIC LIQUID-STRATIFICATION ANALYTICAL TECHNIQUES,
COUPLED WITH PRESSURIZATION

e IMPROVEMENTS IN ANALYSIS OF INSULATION PURGING AND
VENTING OF PURGE GAS

D04894
lHim
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TECHNOLOGY EVALUATION SUMMARY
BASIC DATA

D04893

Him

HELIUM SOLUBILITY IN CRYOGENICS

HYDROGEN FLAME DATA (LOW LEAKAGE)

FRACTURE MECHANIC DATA FOR TANKAGE REUSABILITY

GENERAL BELLOWS DATA

ORGANIC MATERIALS LIFETIME DATA FOR SHUTTLE DUTY CYCLE

CRYOGENIC FLUID CAPILLARY-RETENTION PROPERTIES

V77



LBCKMEE TECHNOLOGY EVALUATION SUMMARY
SUBSYSTEM TECHNOLOGY

e LIQUID/LIQUID ATTITUDE CONTROL EVALUATION

e ELECTRICAL INTEGRATION OF CRYOGENIC SUBSYSTEMS (AIRCRAFT
APPROACH — MAXIMIZATION OF ELECTRICAL MOTORYS)

s CRYOGENIC COOLING SUBSYSTEM FOR ENVIRONMENTAL CONTROL,
HYDRAULICS, ETC.

o INSTRUMENTATION AND CONTROL INTEGRATION

D04895
Iim
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